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Predictive Procedures for Eczematous Hypersensitivity 


ADOLPH ROSTENBERG Jr., M.D., Chicago 


Wisdom has been defined as the art of 
drawing necessary conclusions from insuffi- 
cient premises. This is certainly true in 
many forms of human endeavor, but it is 
particularly exemplified in the subject of 
prediction. The particular kind of predic- 
tion with which this paper will deal is the 
endeavor to forecast from the study of a 
limited number of persons the amount of 
injury that a product will produce if it is 
widely used. This is especially difficult 
when the mechanism of the injury is an 
allergic sensitization. The discussion to be 
given is germane for a wide class of prod- 
ucts which may be encountered (in different 
ways), but pharmaceuticals and cosmetics 
applied to the skin are the substances with 
which this paper will be particularly con- 
cerned. In general, the predictive tech- 
niques consist of irritation and sensitization 
studies in animals, irritation and sensitiza- 
tion studies in humans, use tests in humans, 
or any combination of these. 


Consideration of the Patch Test 


Patch-test procedures have been almost 
uniformly employed in predicting human 
sensitization. It therefore becomes incum- 
bent, before considering the validity of 
certain predictive procedures, to discuss the 
patch test, especially from the point of view 
of the factors that influence it. Before tak- 
ing up specific factors that may affect the 


Received for publication Jan. 19, 1959. 
From the University of Illinois College of Medi- 
cine, Department of Dermatology. 


outcome of a patch test, it would be well 
to enumerate the various types of patch 
tests, as some of the factors which influence 
the outcome vary according to the type of 
test employed. 

A. Open 

1. Application by evaporation 
2. Application by electrophoresis 
B. Closed 
1. Occlusive (standard) 
2. Semiocclusive (AIHL) 
3. Occlusive-+ pressure (Fernstrom) 
4. Occlusive with liquid (Rokstad cup) 

The open type of patch test, as the name 
implies, denotes that the test substance is 
not covered. The usual technique is to dis- 
solve the test substance in a volatile solvent, 
such as acetone. A drop of the solution is 
then applied. The solvent rapidly evapo- 
rates, leaving a film of the allergen reason- 
ably adherent to the skin’s surface. This 
type of test has obvious limitations in that 
only relatively few substances can be so 
dissolved. In the electrophoretic type of 
patch test the allergen is driven into the 
skin by means of an electric current. This 
technique has had a very limited application. 
It would seem that an inherent limitation 
would be the mobility of the allergen in 
the electric current.? 

The closed type of patch test is the test 
with which the greatest experience has been 
had. There are various modifications, as 
the tabulation indicates. The standard va- 
riety is too well known to require further 
description here.2* It should also be real- 
ized that the tables listing appropriate con- 
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centrations for patch-testing presuppose a 
standard closed type of patch test. 

The semiocclusive patch test was devised 
by the Army Industrial Hygiene Labora- 
tory (AIHL).® It is described by them as 
an elastic adhesive tape of the same size 
as the standard Schwartz patch,* but with- 
out the cellophane backing and with a po- 
rous adhesive-free circular area under which 
the patch test is to lie. 


The occlusive pressure type of patch test 
was introduced by Fernstrém.** The de- 
scription which follows is his: “An 8 by 8 
mm. square of blotting-paper is covered 
with a 21 by 21 mm. square of rubber-cloth 
or cellophane, upon which a block of sponge 
plastic with the dimensions, 19 by 19 by 4 
mm., is placed. Patch, waterproof cover, 
and plastic block constitute one unit. As 
many of such units as are needed for the 
test are arranged on a strip of tape of 
appropriate length and the patches mois- 
tened with the allergen solutions. The tape 
is then applied well stretched, each plastic 
block being compressed through the tape 
when this is fastened. Care is being taken 
in attaching the tape around each test unit. 
Owing to the resilience of sponge plastic 
continuous pressure upon the patches and 
their waterproof covers is thus maintained, 
which means that the former will remain in 
close contact with the skin and the latter 
will produce ‘airtight chambers’.” By virtue 
of maintaining a steady mild pressure and 
thereby ensuring uniformity of contact, it 
is claimed to be superior. My own experi- 
ence with it is nil, but Bett and Calnan 4 
state that they were unable to confirm the 
alleged advantages. Many modifications of 
the patch test have been developed to hold 


* The proposed standard patch consists of (1) a 
square piece of flannel measuring 3 sq. cm. which 
becomes saturated with 0.2 cc. of a liquid, (2) a 
pipet graduated so that measured amounts vary- 
ing from 0.05 to 0.2 cc. can be applied to the 
flannel, (3) a square piece of uncoated regenerated 
cellulose 1 to 1% inches on each side, used for 
insulation, and (4) a piece of elastoplast of a spe- 
cial shape measuring 3 inches across the diagonal. 
(Schwartz, L.: A Standardized Patch Test, Ann. 
Allergy 8:63-65 [Jan.-Feb.] 1950.) 
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liquids in contact with the skin so as to 
prevent evaporation and to ensure reason- 
able constancy of the concentration. The 
Rokstad cup is one of the better of these 
techniques.** It consists of a square of 
some rigid impervious material (usually 
plastic) in the center of which a small de- 
pression (cup) has been made. It is placed 
on the skin so that the cup points outwards 
and the skin enters and fills it, the liquid to 
be tested first being placed in the cup. I 
have employed it for the study of primary 
irritants and found it very useful for this 
purpose, but for routine patch test purposes 
I do not believe the method has any advan- 
tage, and it is slow and cumbersome.’ 
The following tabulation, modified from 
Holland et al., illustrates the rather pro- 
found difference in positive results to be 
encountered when the technique of testing 
is modified.® 
Shrink-Resistant No. 


Woolen Flannel Tested No. %o 
& Read Positive _ Positive 
occlusive patch 258 22 8.5 
AIHL patch 260 3 1.0 

Arm band 260 0 0 


Following is a list of various factors 
that may influence a patch test reaction.*** 
A. Host Factors 
1. Intensity of sensitization 
2. Innate reactivity 
B. Allergen Factors 
1. Solubility and absorbability 
2. Concentration 
3. Length of contact 
C. Adventitious Factors 
1. Environmental 
2. Accidental 
Most of these do not require any discus- 
sion, so that only certain of them will be 
taken up here. By the phrase “intensity 
of sensitization” is meant the “antibody 
concentration” existing at the site of the 
test or capable of being brought to the site 
of the test. It should, however, be realized 
that the term “antibody” as used here does 
not denote a conventional type of antibody, 
which is a modified serum globulin, but 
rather denotes a reticuloendothelial cell, or 
possibly some derivative of such a cell, with 
certain new enzyme properties. By the 
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phrase “innate reactivity” is meant that the 
intensity of the inflammatory response de- 
veloping from the union of a given number 
of antigen and antibody molecules will vary 
in different persons. While there is no 
direct evidence for this in patch-testing, 
individual variation is so well demonstrated 
in practically every biological reaction that 
it is assumed it exists here. The factors 
listed under “allergen factors’’ would appear 
to be self-evident and require no explana- 
tion. Accidental factors include such things 
as trauma or moisture. Trauma might irri- 
tate the site while the test is applied, or 
loosen the test so that there is not proper 
contact. Moisture might leach away some 
of the active ingredient and thereby affect 
the outcome. 

The outcome of a patch test may be 
erroneously positive or negative. By a 
“false-positive reaction” is meant a reaction 
brought about by  extraimmunological 
means ; in other words, the person does not 
really have an eczematous sensitization to 
the product in question. By a “false-nega- 
tive reaction” is meant a reaction which is 
negative in a person who actually has an 
eczematous sensitization to the material in 
question but for one or another reason at 
the time of testing fails to manifest a gross- 
ly detectable reaction. Factors which may 
determine a false positive and factors which 
may determine a false negative are given 
in the following tabulation: 

Factors Determining a False-Positive Reaction 
Physiologically abnormal skin 
Status eczematicus 
Severe adhesive reaction 
Adjacent to a strongly positive reaction 
Ambient environmental conditions 
Liberation or formation of an irritant 
Contamination 
. Pressure 
Factors Determining a False-Negative Reaction 
Inappropriate skin site 
Inadequate contact 
Inadequate concentration 
Inadequate penetration 
a. Solubility 
b. Physical form 
5. Inadequate quantity 
6. Inadequate pressure 


Rostenberg 


7. Inappropriate chemical compound 

8. Anergic or refractory state 

9. Localized sensitivity 

The factors determining a false positive 
will now be considered. By the expression 
“physiologically abnormal skin” is meant 
skin which, though appearing grossly nor- 
mal, gives aberrant responses to various 
stimuli. Morris ™ has pointed out the hy- 
per-reactivity of obviously diseased skins, 
but the expression “physiologically abnor- 
mal” denotes a more subtle type of devia- 
tion. A skin which has been the site of an 
eruption, even though appearing entirely 
normal to the naked eye, may not be phys- 
iologically normal, in that it will yield re- 
sponses to various inflammatory stimuli 
differing from those obtained on normal 
skin (i. e., skin which has never been the 
site of an eruption) of the same person at 
the same time. The studies of Grolnick ® 
furnish experimental support for this. He 
took two groups of persons, one sensitive 
to poison ivy but not to Krameria, the other 
the reverse, and developed sites of inflam- 
mation by testing the members of each 
group with the allergen to which they were 
sensitive. The inflamed sites were marked 
so that they could be subsequently identi- 
fied. Then at a time when the tested sites 
appeared grossly normal (28-131 days later) 
they were tested with the allergen to which 
the subject was not sensitive, at the same 
time applying the allergen to a normal site, 
i. @., a previously untested one. In a high 
percentage of persons he found that the test 
was positive over the site of the previous 
reaction, whereas the control tests were 
negative. I have also seen results from 
testing which support this view. Parenthet- 
ically, this illustrates that the advice often 
given to apply a patch test as close as pos- 
sible to the site of the eruption is fallacious, 
in that the test may be encroaching on 
physiologically disturbed soil. The finding 
of von Haam and Mallette, that very differ- 
ent results can be obtained from patch tests 
with the same materials, according to the 
composition of the test population,’® is 
probably based on the same phenomenon. 
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TaBLe 1—Data from Subjects with Frequent Exposure 


Intensity of Reactions Observed 


Old Test Subjects, 20 Persons 240 87 
New Test Subjects, 20 Persons 240 193 


50 53 36 14 
38 6 3 0 


Old 
New 


These investigators found that subjects who 
had had frequent exposures to patch tests de- 
veloped skins that were apparently more or 
less nonspecifically vulnerable and hence 
false positives might develop. As a conse- 
quence a material might be labeled as an 
irritant, whereas in reality it is not. Table 
1, which is adapted from their data, illus- 
trates this. 

By a “status eczematicus” is meant that 
in the presence of a widespread dermatitis 
(eczema) the remaining normal skin may 
be hyperirritable, so that substances which 
would not ordinarily yield an irritation at 
such a time may do so. This is not too well 
an established phenomenon, and in any 
event is not relevant to the present discus- 
sion, in that such persons would not be 
used for predictive purposes. A “severe 
adhesive reaction” may yield a false positive 
by virtue of the reaction covering the entire 
patch-test site, so that it may appear as if 
the tested substance produced the positive. 
While this can happen, it does not happen 
frequently, and in any event is usually 
reasonably obvious. If there is any doubt, 
the patch test can be repeated, securing the 
test substance by some means other than 
adhesive. A false positive because of ad- 
jacency to a strongly positive reaction has 
been reported, but again this is not too well 
established. If it does occur it might be 
because of physiologically disturbed skin, 
developed because of the strongly positive 
reaction. In any case, a repetition of the 
questionable test or the proper spacing of 
the tests will differentiate a positive arising 
on such a basis. 

The production of a false positive by 
virtue of the liberation or formation of an 
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irritant is especially to be guarded against 
in assessing the primary irritancy of new 
products. To illustrate, some years ago I 
found that in testing fabrics impregnated 
with chloramides strong reactions were ob- 
tained in practically all subjects when stand- 
ard adhesive patch:tests were used, whereas 
if a hole was punched through the adhesive 
covering positive reactions were not ob- 
tained. The apparent explanation was that 
the chloramides released chlorine which 
under the conditions of an occlusive patch 
test could not escape and dissolved in the 
sweat, forming hydrochloric acid, which 
was, of course, highly irritating to the skin, 
whereas when there was an escape hole for 
the gas such did not occur. A similar type 
of occurrence may explain the difference 
obtained by Holland et al. with different 
types of patch tests.° The results obtained 
by Siegel and Meltzer,’” subsequently to be 
discussed, probably depend in part on the 
same phenomenon, in that as they suggest 
volatile substances in the test materials ac- 
cumulated under a standard patch test in 
sufficient concentration to be irritating. 

A false positive by virtue of contamina- 
tion does not require any discussion. Fi- 
nally, one arising because of pressure effects 
happens seldom, and, as a rule, the explana- 
tion is obvious in that the test was located 
over a bony prominence or some area 
where pressure could occur. 

The influence of ambient environmental 
factors on the positivity of patch tests is 
brought out by the work of Holland et al. 
Table 2 is modified from their data.® 

The factors that determine a false nega- 
tive are largely self-explanatory, so that 
only one or two of them will be discussed. 
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TABLE 2.—Influence of Environment 
Standard Occlusive Patch Test 
with Shrink-Resistant Positive on 2d Negative on 2d 
Wool Flannel Total Application Application 
Positive on Ist application 113 56 57 
Negative on Ist application 312 65 247 Tests done in Aug., total 178 positive 
Total 425 121 304 
Positive on Ist application 12 5 7 
Negative on Ist application 581 12 569 Tests done in Oct., total 24 positive 
Total 593 17 576 


3y the statement “an inappropriate chem- 
ical compound” is meant that, while the 
subject is tested with the material to which 
he is sensitive, it may not be in a form 
that is capable of producing a reaction. For 
example, people who are sensitive to para- 
phenylenediamine actually react to a product 
derived from paraphenylenediamine, prob- 
ably a quinone. If the patch test is done 
with paraphenylenediamine dihydrochloride 
the conversion to the quinone form is 
impeded or markedly impaired, so that a re- 
action may not develop. Analogously, Per- 
kins and I found that in testing with nickel, 
if certain salts, such as triethylenediamine 
nickel (11) bromide, were used, no reaction 
was obtained, even though the same person 
gave a strong reaction to nickelous sulfate. 
This was interpreted as indicating that in 
the triethylenediamine nickel (11) bromide 
the nickel was in such a form that it was 
incapable of uniting with body protein to 
form the full antigen.’* 

The final factor determining a false nega- 
tive, namely, a localized sensitivity, has been 
advanced as a possible explanation for a 
negative patch test in a person in whom it 
can be shown by exposure that he is in 
reality reactive to the tested material. I have 
never seen an example of this, nor is it easy 
to conceive on theoretical grounds how such 
a state could come about. As a matter of 
fact, if this were true, the patch test could 
hardly be labeled as a false negative, in 
that it is negative because it is applied to a 
nonsensitized area; but I should like to re- 
iterate that I doubt the existence of a truly 
localized allergic eczematous sensitivity. 
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Before leaving the subject of patch tests, 
it is important to realize that the discussion 
of the patch test so far relates to its use for 
the detection of the allergen in the already 
sensitized person; whereas, the use of the 
patch test for predictive purposes presup- 
poses a basic difference, namely, that the 
tests are initially applied to a nonsensitive 
population, with the express purpose of 
determining how frequently the tests them- 
selves will cause the development of a 
sensitization. This then means that one 
has to consider factors other than those 
already discussed, namely, factors which 
are germane to the genesis of a sensitiza- 
tion. 

The development of an eczematous sensi- 
tization requires, in addition to the allergen, 
a genetically appropriate subject. This is 
exemplified by the following symbolism: 

G!.- A*2K=S 

G=the genetic makeup of the host 

A=the intrinsic allergenicity of the compound 

f =adventitious factors which may influence the 

sensitizability of the host at that time 

q =quantitative tactors 

K=some theoretical level which the product of 

G!- A* must reach in order for a sensitiza- 
tion to be detectable clinically 

S =detectable sensitivity 


This equation indicates that the two ma- 
jor factors in the genesis of any sensitiza- 
tion are (1) the intrinsic allergenicity of 
the compound and (2) the genetic constitu- 
tion of the host. The relationship states 
that if the product of the two equals or 
exceeds some hypothetical level, say, K, a 
detectable sensitization, denoted by S, de- 
velops. It is also seen that the two factors 
are inversely related, so that if one is small 
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the other must be large in order for a 
sensitization to develop, which explains why 
most persons do not become eczematously 
sensitized from casual contact with most 
substances. Another way of stating this is 
that most substances are not strong enough 
to overcome the genetic inertia against the 
development of an eczematous sensitization 
that is present in most persons for most 
substances. From the clinical point of view, 
this merely asserts what is well known, 
namely, that some substances are better 
sensitizers than others, e. g., more people 
become sensitized to poison ivy than to 
nickel and more to nickel than to aluminum. 
These concepts have been discussed by me 
at greater length 


Consideration of Prediction 

The discussion will be limited to a con- 
sideration of the ability to predict the de- 
velopment of an _ eczematous allergic 
sensitization. It is realized that it is equally 
important to predict systemic toxicity or 
primary cutaneous irritation arising pre- 
sumably by some nonimmunologic means, 
but, in general, the techniques for predict- 
ing such are more straightforward and 
reliable. I have discussed elsewhere the 
differences between primary irritant and 
allergic eczematous reactions as well as their 
interrelations.’® Before taking up specific 
techniques employed for prediction it is 
well to consider the general nature of the 
problem. There are essentially two inde- 
pendent variables, which might be termed 
the biological and the statistical variables. 
By the biological variable is meant how 
closely does the predictive technique simu- 
late the conditions under which the product 
will be used. Included in the statistical 
variable are really two somewhat independ- 
ent questions, namely, (1) how much con- 
fidence can one have that the outcome of 
a given experiment did not come about by 
chance alone and (2) what extrapolations 
can be made from the results on the test 
sample to the larger universe of potential 
users? Turning to the biological variable, it 
would appear obvious that for a predictive 
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technique to simulate use conditions at least 
two factors must be controlled: (1) the 
population on which the test is to be done 
must be reasonably representative of the 
population for whom the product is de- 
signed, and (2) the conditions under which 
the test is applied must be a reasonable 
facsimile of the conditions under which the 
product will be used. The first condition 
is one that is not too difficult to control, but 
it is well to bear it in mind lest unsuspected 
errors creep into the experimental design. 
The second point is one that is very difficult 
to control and in some instances impossible. 
This does not mean that predictive tech- 
niques should not be employed, but it must 
be realized that the further the divergence 
between the predictive and use techniques 
the less confidence one can have in the 
prediction. To give a simple illustration, 
suppose it is desired to forecast the sensitiz- 
ing potentiality of a new detergent. In use, 
the detergent will have intermittent fric- 
tional contact with the hands at certain 
temperature conditions. Obviously, an oc- 
clusive patch test does not simulate this, 
but in light of present knowledge I do not 
believe that it is possible to state whether 
patch tests provide a more or a less stringent 
test of the detergent’s sensitizing potenti- 
alities. 

The limitations of predictive techniques 
with respect to extrapolation are not suf- 
ficiently appreciated. Some consideration is 
given this by Henderson and Riley.” Sup- 
pose a certain number of persons are 


TaBLe 3.—Upper Limit of Positive Reaction Rate 
Estimated for the Population, with a 95% 
Likelihood, from Results of 0, 1, or 2 
Positives in a Sample of Size N 


Likely Maximum Rate of Positive Reactions 
to Be Encountered in a Large Number 
of Persons If in Test Sample There Is: 
Reaction 


N None 1 2 
800 0.37 0.56 0.75 
400 0.75 Ll 1.5 
200 1.5 2.2 2.9 
100 3.0 44 5.8 

40 7.2 10.8 14.0 
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patch-tested, and no reactors are found in 
the sample tested. What then can be said 
as to how many reactors will be encountered 
in the much larger population on whom it 
is hoped the product will be used. Table 3, 
taken from Henderson and Riley, gives a 
partial answer. 

It is seen from Table 3 that if 200 persons 
are tested and no reactors are found on the 
challenge test is is not likely that more than 
15 reactors will be encountered out of 
every 1,000 persons using the material. By 
the phrase “with a 95% likelihood” is meant 
that if, say, 100 groups of 1,000 persons 
each used the material, in 95 of the groups 
there would be 15 or fewer reactors, but 
it is possible that in 5 groups there would 
be more than 15 reactors. 

Actually, the prediction can be made to 
any desired degree of accuracy. Convention- 
ally, statisticians employ the 95% and the 
99% confidence levels. If it were desired to 
predict the likely number of reactors at a 
99% confidence level, meaning that the pre- 
diction would likely be wrong only once in 
100 times, this could be done, but the 
estimate of the number of reactors to be 
found in the infinite population based on 
the findings obtained from any given sample 
becomes less precise. In the example cited, 
a sample of 200 and no reactors, it was 
stated at the 95% confidence level that there 
likely would not be more than 15 reactors in 
every 1,000 users. On the other hand, with 
the same information the estimate at the 
99% confidence level might be, say, 20 or 
25 reactors out of every 1,000 users.7 It is 
obvious that the amount of information ob- 
tained from the previous Table ordinarily 
would not be sufficiently precise to satisfy 
a manufacturer as to the safety of a new 
product with respect to its eczematous al- 
lergenic potentialities. It might be, though, 
that if he could be sure that he would not 
have more than, say, 1 reactor out of every 
1,000 users, then he could market the prod- 
uct economically; hence, he might inquire 


+The numbers 20 and 25 were not calculated. 
They were arbitrarily selected to illustrate the 
point. 
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as to how many subjects would need to be 
tested in order to be sure at a 95% level 
that he would not encounter more than 1 
reactor out of every 1,000 users. The fol- 
lowing tabulation, also taken from Hender- 
son and Riley, supplies this answer, showing 
the number of subjects required, if there 
are no positives in the sample, to predict 
with a 95% or 99% likelihood that the 
population rate does not exceed certain 
designated values. 

Maximum Permissible % 


Number Subjects 
Reactions in Population 


Required at 
Confidence Level 


95% 99% 
0.01 29,978 46,083 
0.1 2,994 4,603 
0.5 597 918 
1 298 459 


It is seen that to get the answer to the 
question posed a sample of 3,000 is required, 
which is of course ordinarily not feasible 
either from the point of view of cost to 
the manufacturer or facilities available to 
the investigator. 

Various predictive techniques that have 
been suggested will now be considered. The 
following tabulation lists the better known 
ones, identified according to their author- 
ship. It should be pointed out that the 
differences among the various human tech- 
niques are not fundamental and are es- 
sentially variations on the same theme. 


Landsteiner Guinea Pig 


Schwartz-Peck 

Draize 
Shelanski-Shelanski 
Brunner-Smiljanic 


Traub-Tusing-Spoor 


Human 


The various techniques mentioned will 
now be outlined and their virtues and 
defects discussed. 


The Landsteiner guinea pig test is out- 
lined as follows: 


1. White male guinea pig, 300-450 gm. 
2. 0.1% solution of suspension in saline injected 
intracutaneously. 


3. Injection made every other day or 3 times 
a week until 10 have been made. 


. First injection, 0.05 ml.; remainder, 0.1 ml. 
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. Injections made in a 3-4 cm. area on upper 

back or flank. 

6. Readings made after each of the 10 injec- 

tions. 

7. After 10th injection, two weeks’ rest. 

8. Final test with 0.05 ml. 

9. Comparison of average of first 10 readings 

with reading after 11th. 

This test is a trivial modification of the 
original technique suggested by Lansteiner 
for determining whether a given compound 
would produce an eczematous sensitization 
in the guinea pig. The major difficulty with 
the test is one that is inherent in it, namely, 
the fact that a substance will or will not 
sensitize a guinea pig is no warranty that 
it will or will not sensitize a human. The 
impression is that the human develops an 
eczematous sensitization more readily than 
does the guinea pig. This in general may be 
true, but I do not believe that the final word 
has as yet been said. It is quite possible 
that the human might sensitize more readily 
to substances A, B, C ... N but that the 
guinea pig might sensitize more readily to 
X, Y, and Z. A potentially serious source 
of error that is not sufficiently appreciated 
is that guinea pigs are very inhomogeneous 
with respect to their ability to become 
eczematously sensitized. An important ad- 
vance would be made if all workers were 
to use a homozygous strain of guinea pigs 
whose sensitizing proclivities were reason- 
ably well known. When guinea pigs of a 
heterogeneous stock are employed, it is es- 
sential that a positive control be done, 
namely, that at the same time as the sensiti- 
zation with the unknown is attempted, 
sensitization with a known sensitizer, such 
as 2-4 dinitrochlorobenzene, be also at- 
tempted to determine the ease with which 
the test guinea pig population is sensitizable. 
If the guinea pig population fails to be- 
come sensitized to the known strong allergen 
that was employed, any failure to become 
sensitized to the unknown material may not 
be a reflection of the fact that the unknown 
does not have sensitizing properties but 
rather merely indicates that the population 
was, unfortunately, genetically too refrac- 
tory, which emphasizes the importance of 
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the genetic factors discussed above. A less 
important drawback but nevertheless one 
that should be taken into cognizance is that 
the technique by virtue of the repeated 
intradermal injections may be too strong, 
that is, an unrealistic test of the material’s 
sensitizing proclivities. It should be realized 
that the Landsteiner procedure was designed 
to determine whether a material would 
sensitize under any conditions and not 
whether it would sensitize under conditions 
of use. The repeated intradermal injection 
of a substance probably offers a more favor- 
able opportunity for acquiring an eczematous 
sensitization than does the local application 
or ingestion of the same material. 

Another deficiency of this technique is 
the end-point. The evidence for the develop- 
ment of a sensitization is the appearance of 
an enhanced cutaneous reaction after the 
final reading, as compared to the average 
of the earlier readings. Such an end-point 
is oftentimes difficult to interpret, especially 
if the degree of change is slight. Further- 
more, if the allergen has some primary 
irritating qualities when introduced intra- 
cutaneously, which does not necessarily 
indicate that it will be a sensitizer, it may be 
very difficult to distinguish any slight in- 
crease in reactivity based on the development 
of a sensitization. A superior end-point is 
an all-or-none one, meaning by this that 
the maximal concentration which initially 
does not produce a reaction is deter- 
mined and the test of sensitization is 
the development of a reaction to this concen- 
tration. This type of end-point is supe- 
rior, but unfortunately it is not always 
practical to utilize this type of end-point, 
inasmuch as concentrations which fail to 
yield a reaction in the normal animal may 
be so dilute that an animal, even though 
sensitized, will not be sufficiently sensitized 
to react to such, but in practice this difficulty 
is not too often encountered. This is 
especially true for substances designed to 
come into contact with the skin. 


Before leaving the subject of predicting 
an allergic eczematous sensitization it must 
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be emphasized that an appropriate species 
of laboratory animal has to be employed. 
Of the common laboratory animals, the only 
species which can develop this type of im- 
munologic reaction is the guinea pig. The 
use of rabbits, rats, mice, etc., for this 
purpose is a complete waste of time and 
effort. Haeberlin and I reviewed the species 
aspects of the eczematous sensitization else- 
where.”! 

The Schwartz-Peck predictive technique is 

outlined as follows 

1. Standard patch test for 48 hours, with use of 
both the new and an old formula on 200 
subjects. 

2. Site read for three days. 

3. Rest period of 10 days. 


4. Repeat standard patch test with both for- 
mulae. 


5. A use test for four weeks by the same 200 


persons with both formulae on opposite sides 
of the body. 


This is one of the oldest and best known 
of predictive techniques. The technique as 
originally outlined is a good one. The major 
objection against it is that. it is time-con- 
suming and costly. Unfortunately, over the 
years there has been a tendency to simplify 
this technique by omitting both the use test 
and the comparison with the old formula. 
In other words, the simplified test consists 
merely of patch-testing with the new formula 
in the fashion indicated in Steps 1-4. This 
simplification, while admittedly saving time 
and money, practically vitiates the value of 
the procedure. 

The Draize human predictive technique 
is outlined as follows **: 

1. 200 persons (100 men, 100 women) of a wide 
age range. 

0.5 ml. or 0.5 gm. applied by patch to arms 

or back. 

Patch removed after 24 hours, and site read. 

24 hours’ rest. 

. Patches repeated until 10 have been made; 
areas randomized. 

6. 10-14 days of rest. 

7. Retested once. 


This test is essentially a modification of 
the Landsteiner technique on the guinea pig 
adapted to patch-testing on the human. 
There is no particular virtue in having the 
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wide age range. The evidence is that age 
does not affect the likelihood of acquiring 
an eczematous sensitization except possibly 
in the very young, less than 1 year, and in 
the very old, over 70 years. As compared 
with the complete Schwartz-Peck technique, 
I do not think it is as good a technique. 
Its advantage over the incomplete Schwartz- 
Peck technique is that, by virtue of apply- 
ing the patch tests on 10 occasions, there 
is possibly a better opportunity to acquire 
a sensitivity. A combination of the Schwartz- 
Peck and the Draize technique would 
probably be the ideal technique. The com- 
bination would apply the patches as done 
in the Draize but in other respects follow 
the complete Schwartz-Peck. The draw- 
back, of course, to this is cost and time. 

The Shelanski-Shelanski predictive tech- 
nique is outlined as follows **: 


1. Standard patch test for 24 hours. 

2. Rest for 24 hours. 

3. Repeat Nos. 1 and 2, using same sites for 
15 applications. 

4. Rest two to three weeks. 

5. Standard patch test for 48 hours. 


This technique is a minor modification of 
the Draize technique, in which the repeat 
patch tests are applied insofar as possible to 
the same site. The virtue of this, according 
to the authors, is that one detects a new 
type of injury which the authors label as 
skin fatigue. While there is no doubt that 
the repetitive applications in the same area 
may ultimately yield an injury in this area 
which presumably would not have been 
foretold by other predictive techniques, it is 
questionable whether this is a new type of 
injury or whether this is not merely an 
instance of cumulative primary irritation.’ 
A more important criticism of this technique 
is that by virtue of the repeated applications, 
a physiologically abnormal state of the skin 
may be developed analogous to that already 
discussed, so that if the final challenge test 
was positive doubt would arise as to the 
validity of interpreting the positive reaction 


as evidence of a specific allergic eczematous 
sensitization. 
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The Brunner-Smiljanic technique is out- 
lined as follows *: 

1. Material applied under conditions simulating 

use and in use concentrations. 

2. Applied daily for five days. 

3. Rest for seven days. 

4. Applications reapplied, up to three weeks. 

While the authors’ suggestions that the 
material be applied under conditions simulat- 
ing use and in use concentrations is a good 
one, this is not always feasible. If it can be 
done it is worth while, but if it is done 
the test becomes essentially a standard use 
test, such as Schwartz and Peck recommend 
as the final half of their procedure. The 
authors’ claims, that “the method to be 
presented (adapted from a procedure de- 
scribed by Sulzberger) produces a high yield 
of sensitized subjects within a short time 
period and requires only small test groups. 
It utilizes the observations of Jadassohn and 
others who showed the importance of re- 
peated applications of antigen in their at- 
tempts to produce sensitization in humans 
with simple chemicals,” are, in my opinion, 
unwarranted. It is very dubious that the 
method would produce a high yield of 
sensitized subjects unless the allergen were 
a strong one, in which case any of the 
techniques mentioned will produce approxi- 
mately the same yield. Further, the asser- 
tion that only small groups are required is 
a statistical misconception. If evidence of 
sensitization is obtained, only small groups 
are required with any technique. If a 
technique fails to show evidence of sensitiza- 
tion the fiducial limits of extrapolation are 
the same for any technique employing the 
same sized sample, unless it has been shown 
that the technique in question always pro- 
duces some specific percentage of sensitiza- 
tions with a known compound which could 
then be compared with the percentage ob- 
tained with the new compound, or unless it 
can be shown that the technique in question 
will sensitize more efficiently than some 
other technique. The authors furnish no 
evidence to support either of these points. 
Finally, the implication that repeated ap- 
plications of an antigen are more likely to 
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produce sensitizations is only a partial truth, 
in that Kanof and [*¢ found that with 
powerful allergens, such as 2:4 dinitrochlo- 
robenzene and paranitrosodimethylaniline, 
there appeared to be a law of diminishing 
returns in the yield of sensitized subjects in 
that applications beyond the second pro- 
duced few or no additional sensitized sub- 
jects. Admittedly, this might not be so for 
weak sensitizers, but no evidence has been 
adduced to show that this is not the case 
for this class of materials. 


The Traub-Tusing-Spoor technique is a 
combined patch and use test and is outlined 
as follows 

1. Initial patch. 

2. Three-week use test, on appropriate subjects. 

3. Two weeks’ rest. 

4. Challenge patch. 

From the theoretical side, the weakness of 
the test would appear to be that a three-week 
use may not be sufficient to cause the devel- 
opment of a sensitization in the majority of 
persons, so that unless an inordinately large 
sample is employed, the test may fail to 
reveal the sensitizing potential of a product 
which a subsequent, more extensive, and 
widespread use may disclose. In all fairness 
to the test, however, not enough experience 
has been had with it so that a factual 
evaluation can be made. 


So far the various predictive techniques 
have been discussed primarily from theoreti- 
cal considerations. What actually needs to 
be known is how well these techniques stack 
up in use; in other words, how accurately 
do the tests predict the sensitizing potenti- 
alities of the material in question when 
measured against the results obtained with 
the commercial use of the product on a 
relatively large scale? It would be of inter- 
est to know if any of the techniques are 
predictively superior. Unfortunately, there 
is little published work in this respect. Un- 
doubtedly, manufacturers have utilized such 
procedures, subsequently marketed a prod- 
uct, and then found, either to their delight 
or sorrow, that the test did or did not 
predict the ultimate outcome with respect to 
sensitization, but such information practi- 
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TABLE 4.—Results of Schwartz-Peck Prophetic Test 


Cc 


* Original. 
t Challenge. 


cally never gets published. Further, such 
information would only reveal light on the 
given test procedure and not furnish any 
basis for comparison. The only study 
known to me which deliberately sets out to 
compare some of these procedures was the 
one done by Traub, Tusing, and Spoor.?* 

These authors compared the results ob- 
tained with three techniques of prediction, 
namely, the Landsteiner guinea pig test, the 
Schwartz-Peck prophetic patch test, and 
the Traub-Tusing-Spoor patch and use test, 
on humans. Six products were used, which 
were (a) bland gum-base alkaline emulsified 
cosmetic hand preparation; (>) non-gum- 
base acid side quaternary emulsified hand 
preparation; (c) non-calamine-containing 
antihistaminic emulsion ; («) deodorant oint- 
ment containing zine oxide in petrolatum ; 
(y) acne cream containing sulfur and 
resorcinol; (z) organic sulfur analogue of 
formic acid ester in petrolatum. 


The Landsteiner guinea pig test was done 
as follows: Solutions of each lotion, 0.1%, 
and corn oil solutions of each of the oint- 
ments, 0.1%, were prepared. Each guinea 
pig received 10 injections of one solution 


TaBLe 5.—Results of Traub-Tusing-S poor Combined Patch and Use Test 


31 23 16 13 20 19 6 10 
4 2 2 1 11 12 3 0 
35 25 18 14 31 31 9 10 


plus injections of a corresponding control 
solution, i. e., either saline or corn oil. Three 
weeks later a challenging injection was 
given. On the basis of this test, Lotion A 
and Ointment Z were deemed to be some- 
what irritating. There was some evidence 
of sensitization to Ointment Z but not to 
the other materials. 

For the Schwartz-Peck prophetic test 200 
persons were used for each of the six 
products, but there was an overlap in that 
more than one product was applied to each 
person. The results of the Schwartz-Peck 
prophetic test are given in Table 4, which 
is modified from the original data. 

The Schwartz-Peck prophetic patch test 
did not indicate that any of the materials 
were potential sensitizers. 

For the Traub-Tusing-Spoor combined 
patch and use test, the subjects were first 
patch-tested and then the material was used 
by them as contemplated in the directions 
for use. Thus, the cosmetic preparations 
were applied to normal skin and the prod- 
ucts for which therapeutic claims were made 


were applied to appropriately diseased skin. 


Test Material No. & Type of Subjects % Positive 


Lotion A 


74 normals 1.5 


Lotion B 76 normals 3.0 
Lotion C 81 clinical dermatologic 15.0 
Ointment X 50 normals 2.0 

14 known reactors to X 7.0 
Ointment Y 100 acne 10.0 
Ointment Z 71 seborrhea & acne 14 


Initial Patch, 


Challenge Patch, 


Reactions, 3-Wk. Use % Positive 


1 vesicular irritation 
1 mild erythema of hands & arms 0 
2erythema & dryness of hands, wrists 0 
l erythema & pruritus 

2 vesicular reaction 

3 infections secondary to occlusion 
2 axillary adenopathy 0 


4 axillary adenopathy 148 

3 irritation of axillae 

3 irritation & aggravation of condition 12.0 
19 flare-up of lesions 12.5 
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TABLE 6.—Results of Siegel-Meltzer Test 


Tests for Primary Irritation 


Tests for Sensitization 


Usage Tests on Positive Reactors 


No. Tested No. Positive 
Sopronol ointment * 18 
Sopronol base 1 
Sopronol powder 15 


No. Tested 


No. Positive No. Tested No. Positive 
3 0 
2 0 
2 0 


* Propionate-caprylate compound. 


The results of this procedure are given in 
Table 5, which is modified from their data. 

The Traub-Tusing-Spoor technique indi- 
cated that Ointment Z was a_ potential 
sensitizer. 

Thus the Landsteiner guinea pig test and 
the Traub-Tusing-Spoor patch and use test 
were in agreement, and both revealed the 
sensitizing potential of Ointment Z, whereas 
the Schwartz-Peck prophetic patch test did 
not. In all fairness, however, it should be 
pointed out that the Schwartz-Peck technique 
used was not the full Schwartz-Peck tech- 
nique but only the simplified modification, 
which, as has already been pointed out, is 
not an appropriate procedure. 

The last study that I shall discuss is the 
one by Siegel and Meltzer already alluded 
to.'7 Table 6 is adapted from their article 
and gives an epitome of their results. Es- 
sentially, Siegel and Meltzer did a retrospec- 
tive predictive study, meaning by that that 
the predictive testing was done after the 
product had had a reasonable amount of 
clinical trial, so that it was known how it 
would behave under use circumstances. The 
predictive technique employed was an in- 
complete Schwartz-Peck, but in this case 
there would be no point in doing the com- 
plete study, in that use experience had 
already been had. The point of the study 
was to determine whether this technique 
would accurately foretell what had already 
been determined by actual trial. It is seen 
from Table 6 that if reliance had been placed 
on the predictive tests without any usage 
tests presumably the product would have 
been condemned, whereas, under actual con- 
ditions of use both in the hands of Siegel 
and Meltzer and from more widespread 
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experience, it has been found that there is 
little danger of either irritation or sensitiza- 
tion with these materials. The study also 
emphasizes that an incomplete Schwartz- 
Peck technique has little predictive value; 
indeed, it may be worse than no study, in 
that it may suggest an erroneous answer. 

Siegel and Meltzer believe that the posi- 
tive reactions they obtained under the con- 
ditions of occlusive patch-testing developed 
because of the accumulation of a volatile 
irritant under the patch test, which of course 
does not accumulate under usage conditions. 
The importance of this in the production of 
a false-positive patch test has already been 
referred to. 


It is thus seen that predictive techniques 
in their present form are very imperfect 
tools. At best, they can only be considered 
as coarse sieves which will filter out the 
bad actors, either irritants or sensitizers. 
A predictive test may be falsely negative, 
meaning by that that the product passes the 


test, but under conditions of use trouble is 
encountered. A false negative develops usu- 
ally because of inappropriate sampling or 
inappropriate conclusions from the data. On 
the other hand, the predictive test may be 
falsely positive, meaning that the material 
causes trouble under the conditions of test- 
ing, but not under use conditions. A false 
positive arises because of 
biological techniques. 
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Neutron Activation of Trace Metals as a Tool in 


Industrial Health and Toxicology 


RICHARD P. SPENCER, M.D., Boston 


Among other uses, neutron activation 
provides a method of accurately analyzing 
samples for minute quantities of metals.’ 
Advantage has been taken of this in the 
development of a technique for following 
the distribution of industrial gases by de- 
tection of antimony originally added to 
the effluent.* Specifically, neutron-activation 
analysis is of particular use in the following 
situations : 

1. Only trace quantities of sample are 
available, and the standard analytic proce- 
dure is cumbersome or requires larger 
amounts of material. 

2. For medicolegal reasons the sample 
must be saved; hence a nondestructive 
means of analysis is preferred. (Questions 
of laboratory competency could always be 
raised regardless of the technique em- 
ployed. ) 

3. The sample is entrapped in a larger 
mass of inert material, and separation is not 
feasible (such as particles removed from 
air and held in a filter; in some cases, it is 
possible to burn the filter and collect its 
contents ). 

4. More than one contaminant is present, 
and both identification and quantitation have 
to be made on a small sample. 

Presented here is a discussion of prelim- 
inary experiments on the adaptation of 
neutron-activation analysis to problems aris- 
ing in connection with industrial health and 
toxicology. Methods of detecting contami- 
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nation by small quantities of commercially 
important metals in air and biologic speci- 
mens are pointed out, and a sampling filter 
system is proposed. 


Principle 

Exposure of a sample to a neutron flux 
results in interactions between the bombard- 
ing particles and nuclei of the target. When 
thermal neutrons are employed, the prin- 
cipal interaction is a neutron-y event (neu- 
tron captured, y-ray emitted). The resulting 
nuclide, because of its acceptance of a 
neutron, has a weight one mass unit heavier 
than the original atom. This new species 
may or may not be radioactive, depending 
upon its configuration. If the newly formed 
atom is radioactive, it shows definite emis- 
sions and a specific half-life. By means of 
these characteristics, the radionuclide may 
be identified. From these data, the pre- 
cursor material can be designated and quan- 
titated. 

Two techniques are available for deter- 
mining the weight of the trace metal orig- 
inally present in a sample after neutron 
activation.® 

1. If the radiation-detection equipment 
used in the laboratory has been carefully 
calibrated, absolute calculations can be em- 
ployed by means of the following relation- 
ship. 

(1.63 X10) (mn) (oA) (f) (eta) 

W=weight of the element in grams 

A:=atomic weight of the element 

M= radioactivity induced (in microcuries) 

n= flux expressed as neutrons per square cen- 

timeter per second 
oA= isotopic cross section in barns 
f= fractional abundance of the precursor stable 


isotope 
A= disintegration constant of the induced nuclide 
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t= time spent in irradiation of the sample 
tz=time from completion of irradiation to the 
beginning of analysis 
2. It is often simpler to compare the 
sample with a standard which is subjected 
to the same neutron flux for an identical 
period of time. 


_ Activity in standard 
Weight of standard 


Activity in unknown 


Weight of unknown 


If standard and sample are analyzed at two 
different times, an appropriate correction is 
made for radioactive decay. 


Method 


Samples were weighed on an analytic balance 
and placed in polyethylene tubes for sealing. The 
tubes had been previously washed in nitric acid, 
rinsed in distilled water, and air-dried; after load- 
ing, they were heat-sealed. The limiting factor to 
the size of the tubes was the diameter of the main 
access port of the nuclear reactor (which in this 
case was 40 mm.). Most of the tubes measured 
35 mm. by 15 mm., but longer types were also 
used. 

After lowering into position within a pool type 
nuclear reactor, samples were exposed for varying 
periods of time to fluxes up to 10” neutrons per 
square centimeter per second. Minimal activity 


Activation Data of Common Metals 


was induced in the walls of the containers during 
irradiation; the contaminants were probably ac- 
quired both in the manufacture of the tubes and 
in their subsequent handling. For very accurate 
work, samples were transferred to fresh tubes 
prior to counting in order to avoid detecting radio- 
activity in the container walls. Estimation of the 
quantity of radioactivity was made in well type 
scintillation counters by absolute calculations (and 
occasionally in proportional counters), by compari- 
son with known standards, and by determining the 
area under the y-ray spectrum of samples.* 


Results and Comment 


I. Metals.—In the Table are listed some 
of the important metals used commercially. 
Included in the Table is a calculation of the 
radioactivity induced by exposure of 0.1 
mg. of metal (10-* gm.) to a flux of 10% 
neutrons per square centimeter per second 
for one hour. Of the metals listed, iron 
alone had less than 10~‘ye. activity in- 
duced and is thus the only one which cannot 
be detected by activation analysis with use 
of this flux intensity. The value of 10~*ye. 
(222 disintegrations per minute) was chosen 
as the lower limit of practicality, since most 
commercial scintillation detectors are both- 


Stable 
Elemental 
Atomic 
Weight 


End- 
Prodnet 
Isotope * 


Fractional 


Element of Precursor 
Au'** 
Fe** 
Zn tm 
Zn?! 
Si? 
Alt* 
Co tom 
Cote 
Hg'*? 
Hg?°? 
Hg?e* 
Ni** 
Nit? 
Nit* 
Na?‘ 


Arsenic 
Silver 


74.91 
107.88 
107.88 
197.2 

55.85 


Gold 
Iron 


Zine 


Silicon 
Aluminum 
Cobalt 


Mercury 


Manganese 
Nickel 


Boron 
Sodium 


Weight of Metal 


Activation 
Abundance Cross Section, 
Barns 


Half-Life 


26.7 Hr. 
2.3 Min. 
270 Days 
2.7 Days 
2.9 Yr. 
45 Days 
245 Days 
14 Hr. 
52 Min. 
2.2 Min. 
2.62 Hr. 
2.3 Min. 
10.5 Min. 
5.2 Yr. 
25 Hr. 
48 Days 
5.2 Min. 
2.58 Hr. 


8X10¢ Yr. 


80 Yr. 
2.56 Hr. 


0.025 Sec. 


15.0 Hr. 


Activity (ue.) from 
0.1 Mg. After 1 Hr. 
at 


Neutrons/Cm ?/Sec. 


2.42 
233. 
1.4X10-* 


(Gm.) to Yield 10-+ 
we. After 1 Hr. 
Irradiation at 
Neutrons/Cm */Sec. 


4.2X10-* 
4.3X10-'! 


1.2X10-* 
2.0X10-* 
4.6X10-* 
2.2X10-? 
7.3X10-'° 
2.0X10-'! 


1.2X10-* 


* m refers to the first of two metastable forms. 
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a 

30.0 

2.0 

98.0 8.92 

2.2 <10-+ a 

: 0.9 <10-* 

: 0.5 7.1X10-* 

1.0 0.22 

0.09 0.23 

0.09 0.15 
0.11 4.6X10-? 

0.23 13.9 F 
i 18.0 490. j 
19.0 7.9X10-? 

3.0 <10-* 

04 0.22 

13.3 92.7 

43 <10-* 

2.0 0.13 7.6X10-* 

0.05 6.12 1.6X10-* 
0.53 1.69 6.2X10-* 


ered by a high background and counting is 
unnecessarily long if activity is below this 
figure. The boron isotope B™ is present 
to the extent of over 6yc.; however, its 
exceedingly short half-life (0.025 seconds) 
makes estimation impractical. Actual irra- 
diation of the metals has confirmed the 
calculations and provided spectral curves 
which may be used in identifying the 
materials. 

When radioactivity is induced in a sample, 
the substance responsible is identified by its 
half-life and the y- or B-ray spectrum.® 
Two or more metals in a specimen which 
has been neutron-activated can be distin- 
guished from each other if their half-lives 
or spectra are sufficiently different. This is 
the outstanding advantage of neutron-acti- 
vation analysis over standard analytic meth- 
ods. As long as the precursor can be 
activated in sufficient amounts, it will be 
detected and laborious chemical techniques 
do not have to be carried out. The draw- 
back of the method is the fact that a suit- 
able source of neutrons must be at hand and 
the apparatus is not portable. With numer- 
ous nuclear reactors available throughout 
the country, this does not represent too 
serious a limitation. 

While neutron activation cannot be ap- 
plied to the analysis of all metals, in certain 
cases it is over a hundredfold more sensitive 
than standard analytic methods. Meinke ! 
has discussed the analysis of materials by 
neutron activation and compared the tech- 
nique with other available methodologies. 
In practice, difficulty is encountered if one 
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material is present to a much greater extent 
than the others, since its emissions “domi- 
nate” the resultant y- or B-spectrum. Hence, 
it is advisable to make up a standard before- 
hand to observe if differentiation can be 
made between the radioactive species ex- 
pected to be present. An example of the 
“masking” effect of one radionuclide on 
other radionuclides is presented in the fol- 
lowing section. 

II. Filters——Materials commonly em- 
ployed as filters (Whatman fibrous papers, 
domestic waved glass wool, cellulose) 


were 
investigated to determine if metals were 
present in their substance. In each case, 


radioactivity was indeed in the sample after 
exposure to a flux of 10'* neutrons per 
square centimeter per second for one hour. 
The y-ray spectral curves indicated the 
presence of radiosodium (Na**, Fig. 1). It 
is probable that in the case of glass wool, 
radiosilicon was induced to a small extent 
(Table) but was masked by the sodium 
emanations. The high sodium content of 
most types of glass will limit its usefulness 
as a filtering agent prior to neutron activa- 
tion. 

The problem of “masking” of other emis- 
sions by radiosodium has been previously 
noted in work with biologic systems.* We 
have approached the “sodium-contamina- 
tion” difficulty in a number of ways. First, 
filters have been repeatedly washed to re- - 
move excess Second, whenever 
possible, cation-exchange resins have been 
employed to separate sodium from the ma- 
terial under investigation. Third, when only 


sodium. 


Fig. 1.—y-Ray spectrum 
from 0.1 gm. of domestic 
waved glass wool, two 
hours after a 10-minute 
exposure to a flux of 10” 
neutrons per square cen- 
timeter per second. The 
curve is that of radio- 
sodium (Na™). Similar 
curves were obtained 
after the activation of 
cellulose and filter paper. 
In the case of glass wool, 
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it is likely that some ac- 
2.7 tivity is due to radiosili- 

con, but this is masked by 
the sodium emissions. 
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Fig. 2—y-Ray spectrum from 10 mg. of zinc on 
washed filter paper, two hours after exposure to a 
flux of 10° neutrons per square centimeter per 
second for 10 minutes. The major activity is from 
Zn*™, which emits a y-ray of 0.44 mev energy. 


small amounts of sodium were present, a 
standard containing a known minute amount 
of sodium was irradiated and compared with 
the unknown. 

A number of industrial establishments 
use cascade impactors or air filters and esti- 
mate contaminants by the weight of foreign 
substances removed, their particle size, and 
chemical reactions. As an extension of this 
procedure, an aliquot of the filter may be 
subjected to neutron activation and the type 
of contaminants, as well as their quantity, 
determined. Figure 2 shows the y-ray spec- 
trum from 10 mg. of zinc on washed filter 
paper two hours after exposure of the sam- 
ple to a flux of 10" neutrons per square 
centimeter per second for only 10 minutes. 
The spectrum is that of Zn®™, which emits 
a y-ray of 0.44 mev. By comparison with 
the spectrum from a “known” weight of 
zinc, the activity can be estimated. Hence, 
the amount of zinc originally present is cal- 
culable. 

Use of this procedure is perhaps best 
shown by an example. After an industrial 
filter has been used for a definite period 
of time or, preferably, after it has filtered 
a known quantity of air, an aliquot may be 
activated in a neutron source and the quan- 
tity of radioactivity determined. If 1,000 
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cubic meters of air had been filtered and 
10 mg. of zine were found, then 000 
=10-* gm. of zine per cubic meter of air. 
This is well below the concentration of zinc 
which may result in symptoms.® Using the 
flux of 10! neutrons per square centimeter 
per second for one hour, an activity of 
10-‘*uc. is induced in a sample of zinc 
weighing as little as 10-7 gm. (O.lyg.). 
The ultimate limit of detection with refined 
counting devices is even better than this. 
The sensitivity of neutron-activation analysis 
is indicated by the small quantity of metal 
required to yield detectable radioactivity at 
the flux employed (last column of Table). 

III. Toxicology—Use has been made of 
the sensitivity of neutron-activation analysis 
in the estimation of trace metals in human 
soft tissues,” bone,’ and hair (particularly 
for arsenic). Preliminary work has also 
shown that it may be applied to the detec- 
tion of metals in blood, urine, and feces. 
Each of these latter materials contains con- 
siderable sodium which becomes activated 
during neutron bombardment. We have re- 
moved much of the sodium from urine and 
feces by means of exchange columns, added 
trace metals, and found that activation anal- 
ysis accurately estimated the quantity of 
metal present. The procedure was particu- 
larly successful with arsenic, silver, gold, 
manganese, and mercury. Hence, the full 
employment of neutron-activation analysis in 
toxicology appears to depend upon the dis- 
covery of reagents or exchange columns 
which will selectively remove sodium from 
biologic specimens.® 

Again, the procedure is not subject to 
being made portable, although samples can 
be sent to a reactor at a distance from the 
site of collection. The sensitivity, rapidity, 
and ease of performance of the method par- 
tially offset this drawback. 


Summary 


Some applications and limitations of neu- 
tron-activation analysis to problems of in- 
dustrial health and toxicology are pointed 
out. With use of a flux of 10" neutrons 
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per square centimeter per second for one 
hour, the method can detect in a quantitative 
and nondestructive manner 0.1 mg. of the 
following metals: arsenic, silver, gold, zinc, 
silicon, aluminum, cobalt, mercury, manga- 
nese, and nickel. Iron can not be estimated 
at this flux intensity. Boron has radioactiv- 
ity induced, but its short half-life makes 
analysis impracticable. 

Activation analysis of materials common- 
ly used as filters (fibrous papers, cellulose) 
disclosed the presence of considerable 
amounts of sodium. Removal of much of 
this sodium prior to activation is essential 
if its emanations are not to mask other 
materials trapped in the filter. The high 
sodium content of most types of glass limits 
their usefulness as filters if the filter and its 
contents are to be neutron-activated. 

The use of a sampling device is proposed 
whereby air is drawn through a filter and 
filter plus entrapped particles are subjected 
to neutron activation. From the induced 
radioactivity, the type and quantity of ma- 
terials withdrawn from the air can be 
estimated. 


Mention is made of the potentional use- 
fulness of activation analysis in detecting 
trace metals in human excreta. The proce- 
dure, however, is dependent upon the selec- 
tive removal of most of the sodium from 
the specimen. 
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Pre-Code Experience 


Prior to the promulgation of the present 
Code, the New York State Labor Depart- 
ment, having a major regulatory responsi- 
bility for control of the hazards involved 
in the industrial uses of ionizing radiation, 
found itself handicapped in the area of en- 
forcement for the following reasons: 

1. With the increasing and widening use 
of ionizing radiation, identification of the 
users, location of the sources, and deter- 
mination of the degree of the hazard was 
becoming more difficult. This type of in- 
formation was essential before effective 
control could be undertaken. 


2. The state, in general, lacked official 
standards with which to guide industry. 
Most of the standards available to evaluate 
control were those found in the National 
Bureau of Standards and American Stand- 
ards Association publications. These were 
of a general and advisory nature. There 
was a need for state standards having the 
force of law. 


3. The administrative mechanism for 
controlling the hazard was not adequately 
defined either by the Labor Law or the 
existing industrial hygiene codes.  Al- 
though management recognized that it was 
primarily responsible for maintaining safe 
standards, there was a need for the state 
agency to establish basic criteria in the 
technique of safe performance as a guide. 
This was particularly important in view 
of the limited number of professionally 
trained people available in this area. 
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4. The jurisdiction of the existing gov- 
ernmental agencies, particularly the Health 
and Labor Departments, was not clearly 
defined. This created so-called “gray areas” 
of potential conflict and overlapping re- 
sponsibility. 

The Code as an Effective 
Administrative Tool 

New York State Industrial Code Rule 
No. 38, Radiation Protection, was designed 
to overcome these inadequacies. It provided 
for the registration of all industrial sources 
and placed responsibility for control on 
management. It defined the areas of juris- 
diction of the Health and Labor Depart- 
ments. The Code established criteria for 
safe operation in terms of maximum per- 
missible exposures and procedures such as 
surveying, monitoring, labeling of radiation 
sources, record keeping, and the instruction 
of personnel in proper work techniques. 
It also required the assignment of qualified 
radiation safety personnel to supervise the 
use of ionizing radiation. 

In general, the Code has accomplished 
the purpose for which it was designed. It 
has proven itself an effective industrial 
tool for radiation safety. A few examples 
will serve to illustrate this: 

1. Number of Sources—It is believed 
that most of the radiation sources have been 
registered. As has already been mentioned, 
this is an essential prerequisite for control. 
To date, there are approximately 450 reg- 
istered installations, 3,000 pieces of radia- 
tion-producing equipment, and 40,000 curies 
of radioactive isotopes in New York State. 
This does not include material classified 
because of national security. It is estimated 
that approximately 3,500 persons are ex- 
posed to some ionizing radiation in these 
installations, although most of the expo- 


27/199 


4 
3 
ig 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


sures are very small, usually less than 
50 mrem per week. In terms of number of 
persons exposed and number of installa- 
tions, the radiation hazard is relatively small 
in New York State compared to other 
industrial hygiene problems. However, in 
terms of strength and number of sources, 
the hazard is of sufficient magnitude to 
justify increasing efforts toward its control. 

2. Degree of Compliance.—As of July 1, 
1957, control measures have been evaluated 
in about half the registered installations. 
The registration data, by making known the 
exact nature and size of source, has per- 
mitted a selective and qualitative type of 
inspection. Although visits were made to 
a representative sample of all installations, 
special priority was given to the more 
hazardous installations and to those featur- 
ing new and unusual uses of radiation. In 
6% of these, excessive dose rates were 
found initially, and these were reduced 
subsequently. In only one case was legal 
action required to secure compliance. It is 
interesting to note that 80% of the plants 
evaluated could operate effectively without 
exposed personnel receiving dose rates of 
more than 100 mrem per week. 

Compliance with other requirements, such 
as proper surveying, posting of warning 
signs, and personnel monitoring, was less 
complete initially, but, through such means 
as on-the-spot education and persuasion, it 
has shown continued improvement. 

3. Clarification of Jurisdiction—By de- 
fining clearly the areas of responsibility of 
the Health and Labor Departments, the 
Code has prevented overlapping of func- 
tions, and this has contributed toward a 
good working relationship between labor, 
industry, and the state government. By 
defining clearly the jurisdictional respon- 
sibilities, the state has also succeeded in 
providing good control without the need to 
create a separate radiation agency, which 
would entail additional personnel and an 
increased monetary expenditure. 

4. Uniformity of Standards for Safe 
Performance.—This_ has prevented any 
company from having a competitive eco- 
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nomic advantage because of poor safety 
practices. 

5. Code as an Educational Tool—The 
Code has proven to be an extremely useful 
educational tool. It has impressed upon 
industry the dangers inherent in the use 
of ionizing radiation and has encouraged 
equipment manufacturers to design their 
devices with adequate safeguards. There 
has been an increase in the number of plans 
submitted by management prior to installa- 
tion in order to assure safe design of 
equipment before exposure takes place. 
Industry’s ready compliance with the Code 
demonstrates that it has been impressed 
with the value of the criteria for safe op- 
eration contained in the Code. The latter 
has also been of reassurance to the worker. 


Inherent Limitations of the Code 


There are important aspects of radiation 
protection with which a radiation code can- 
not deal effectively. This does not neces- 
sarily imply an inadequacy of the Code 
per se but merely indicates that there are 
certain areas where it cannot be an effective 
instrument. 

1. Accidents Due to Human Failure.— 
However well-written well-adminis- 
tered a code may be, accidents due to human 
failure cannot be prevented entirely. Acci- 
dents will inevitably occur if, either through 
ignorance or carelessness, the provisions of 
the Code are ignored or circumvented. A 
number of such incidents have occurred 
since Code 38 was promulgated. In one 
case, a man knowingly and deliberately per- 
mitted himself and others working under 
him to be overexposed to external y-radia- 
tion. There was also overexposure to 
internal sources of radiation. In another 
instance, two employees suffered severe 
radiation burns of the face and hands from 
an electron beam generated by a particle 
accelerator. In still another situation, em- 
ployees working with an experimental micro- 
wave generator were overexposed to x-rays 
when they forgot to restore the shielding 
after making a circuit adjustment. All 
three accidents were due to human error, 
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and, regrettably in two instances, the per- 
sons involved were exceedingly well quali- 
fied. 

2. Code Interested in End-Results—The 
Code does not spell out for management 
specific engineering controls, such as the 
amount of shielding and the appropriate 
distance from the source. This is charac- 
teristic of a performance as opposed to a 
specification type code. The latter has been 
found impracticable in radiation protection, 
as has been demonstrated by the experience 
of other states. The surveys, monitoring, 
and other procedures required can be no 
better than the people who perform them. 
A code cannot assure a safe installation by 
itself. It does not provide the know-how 
that comes only with training and experi- 
ence, and it is not a substitute for a con- 
tinuing and intelligent vigilance. 

3. Code Does Not Define Radiation In- 
jury.—The code requires reporting of ex- 
cessive exposure to personnel and of the 
corrective measures that were taken but 
does not define what constitutes radiation 
injury or its reporting to the appropriate 
agency. One may take issue with the omis- 


sion of reporting of excessive overexposure 
to the Workmen’s Compensation Board but 
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hardly with omitting to define radiation 
injury. It is not within the purview of 
a radiation protection code to deal with such 
matter as radiation injury, liability, and 
disability, all of which belong to the field 
of compensation medicine. In essence, the 
Code is a safety code designed to protect 
the worker against undue exposure from 
ionizing radiation. 


Conclusion 


In conclusion, an industrial code can be 
an effective tool in radiation protection. In- 
dustrial Code Rule 38 has proven itself 
very effective in New York State. Six 
other states have since promulgated similar 
radiation protection codes. In recognition 
of the increasing interest manifested by 
states, the National Committee on Radia- 
tion Protection has drafted a model state 
code which is contained in the National 
Bureau of Standards Handbook 61. Of 
further interest in this respect, the Ameri- 
can Standards Association is presently en- 
gaged in preparing an improved version 
of this model code, along with model legis- 
lation for state Atomic Energy and Work- 
men’s Compensation Laws. 
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Toxicological Studies of O,O-Dimethyl-2,2-Dichloroviny] 
Phosphate (DDVP) in Tobacco Warehouses 


WILLIAM F. DURHAM, Ph.D., Wenatchee, Wash.; WAYLAND J. HAYES Jr., M.D., Ph.D., and 
ARNOLD M. MATTSON, Ph.D., Savannah, Ga. 


The control of insects infesting stored 
tobacco and tobacco products in warehouses 
has long been a problem to which entomol- 
ogists have had no satisfactory solution. 
The insect species primarily involved are 
the cigarette beetle, Lasioderma serricorne 
(F.), and the tobacco moth, Ephestia elutella 
(Hbn.). In addition to the economic loss 
involved in the damage to tobacco, these 
insects constitute a considerable annoyance 
to residents in areas adjacent to tobacco 
warehouses. 

It was considered that the volatility and 
certain other properties of the organic phos- 
phorus insecticide, O,O-dimethyl-2,2-dichlo- 
rovinyl phosphate (DDVP), would make 
this compound an ideal agent for the con- 
trol of insects infesting stored tobacco. 
Studies have been carried out during two 
seasons (1956 and 1957) to determine the 
effectiveness of DDVP for this purpose. 
The insecticidal aspects of these studies 
have been reported elsewhere.! The present 
paper describes the toxicological aspects of 
the work. 

The toxicity of DDVP to experimental 
animals and to laboratory workers has been 
reported previously.” 


Materials and Methods 


The 1956 study was carried out in three tobacco 
warehouses of the South Carolina State Ports 
Authority, North Charleston, S. C. In 1957, four 
warehouses of the R. J. Reynolds Tobacco Com- 
pany, Winston-Salem, N. C., were used. Details of 
warehouse construction and 


information on the 
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experimental design of the different studies carried 
out are given below. 

The DDVP used was a technical grade material 
furnished by the Norda Essential Oil and Chem- 
ical Company, New York. All DDVP dosages 
were calculated on the basis of the gross volume 
of the warehouse. 

The experimental animals used included 12 adult 
rhesus and cynomolgus monkeys and 56 adult 
white rats of the Sherman strain. The monkeys 
and rats included both male and female animals in 
approximately equal numbers. Thirteen male 
human volunteers also were studied. 

Before exposure and periodically thereafter, 
blood samples were drawn from experimental ani- 
mals and volunteers for determination of cholines- 
terase level. The electrometric procedure of 
Michel* was used for this purpose. During the 
1956 study, a few blood samples, as indicated below, 
were also tested for cholinesterase activity by the 
bromthymol blue, rapid-screening method described 
by Limperos and Ranta.‘ 

Samples of air were taken at intervals from 
treated and control warehouses for measurement 
of DDVP content. The samples were collected on 
Celite absorption columns. DDVP was measured 
by analysis for phosphorus according to the method 
of Nakamura® A total of 34 air samples was 
analyzed. 

1956 Study.—The three warehouses used were 
of brick and hollow tile construction, with con- 
crete floors and composition roofs. These storage 
units were closed and were relatively tight. The 
warehouses measured 16010018 ft. and had a 
gross volume of 288,000 cu. ft. A single, 20-ft.- 
wide aisle extended across the width of the build- 
ing. The capacity of each warehouse was 2,062 
hogsheads of tobacco. Each hogshead contained 
between 950 and 1,000 Ib. of tobacco and occupied 
about 52 cu. ft. Thus the total occupied space in 
each warehouse was approximately 107,000 cu. ft., 
leaving a free space of about 181,000 cu. ft. 

The dosage levels of DDVP chosen for study 
were 1, 2, and 10 mg. per cubic foot. The two for- 
mer levels were thought to be within the range of 
insecticidal effectiveness. The latter dosage level 
was included so that, if no toxic effects should be 


bas 

| 

4 
sie 
4 

: 

ie 


DDVP—TOXICOLOGICAL STUDIES 


noted at the lower levels, an indication could be 
gotten of the safety factor involved. The measured 
quantity of DDVP was mixed with perchlor- 
ethylene in an ordinary garden sprinkling can and 
sprinkled on the floor of the warehouses. The 
actual amounts of DDVP used in the warehouses 
treated at 1, 2, and 10 mg. per cubic foot were 288, 
576, and 2,880 gm., respectively. 

Prior to treatment with DDVP, three rats of 
each sex were confined in each warehouse and two 
monkeys were confined in each of the two ware- 
houses treated at the higher concentrations. The 
animals were kept in the warehouses during treat- 
ment with DDVP and continuously for seven days 
thereafter. Four human volunteers spent time in 
the treated warehouses, simulating an eight-hour 
work day. On the day after DDVP treatment, two 
volunteers (Subjects 1 and 2) spent eight hours in 
the warehouse treated at 1 mg. per cubic foot, and 
two other men (Subjects 3 and 4) spent an equal 
period in the 2 mg. per cubic foot warehouse. The 
next day all four men went into the warehouse 
treated at 10 mg. per cubic foot. Three of them 
remained inside for seven hours, while the fourth 
(Subject 4) came out after four hours for reasons 
unrelated to the experiment. 

1957 Study.—The warehouses used during 1957 
were of corrugated iron construction, with wooden 
floors and composition roofs. These buildings were 
two stories high, but tests were made only in the 
second story, because insect infestation is usually 
higher there. These warehouses had no windows or 
ventilators, but cracks where the corrugated sheet 
metal overlapped allowed some circulation of air. 
Each of the warehouse areas studied had a gross 
volume of about 452,000 cu. ft. The capacity of 
each warehouse was 3,600 hogsheads of tobacco, 
although only about 2,800 hogsheads were stored in 
each at the time of treatment. The free space in 
each warehouse was about 306,000 cu. ft. 

First Test—The dosage levels of DDVP chosen 
for the first study in 1957 were 0.5, 1.0, and 2.0 
mg. per cubic foot. One warehouse which received 
no DDVP treatment was used as a control. The 


measured quantity of DDVP for each warehouse 
was mixed with 3 gallons of light oil (“Bayol L’’) 
and dispersed as a thermal aerosol with use of a 
TIFA machine. The actual amounts of DDVP 
used in the warehouses treated at 0.5, 1.0, and 
2.0 mg. per cubic foot were 227, 454, and 908 gm., 
respectively. 

Approximately 24 hours after application of 
DDVP in this first test, four rats of each sex and 
two monkeys were confined in each of the four 
warehouses. The rats were kept in the respective 
warehouses for four days. At this time all of the 
rats, except one of each sex in each warehouse, 
had been killed for bleeding. Nine human volun- 
teers spent time in the treated warehouses, espe- 
cially the one treated at the rate of 2.0 mg. per 
cubic foot. The duration of exposure of each man 
is shown in Table 4, which gives the results of the 
study. 

Second Test——Single applications of DDVP 
proved lethal to free-flying cigarette beetles in the 
first test of this series and, in fact, under a rather 
wide range of conditions, as shown by other 
studies."® However, no procedure used previously 
had produced any significant mortality of beetles 
or larvae in the tobacco packed in the hogsheads, 
nor has any procedure interrupted the breeding 
cycle of the beetles. In an effort to develop a pro- 
cedure for interrupting the breeding cycle, a second 
experiment was carried out. This involved the 
application of DDVP at the rate of 1.0 mg. per 
cubic foot to a warehouse twice each week (on 
Monday and Thursday) for six weeks and at the 
rate of 2 mg. per cubic foot to another warehouse 
on the same schedule. 

3efore the second experiment with DDVP was 
made, the four rats of each sex remaining from 
the first test were all placed in the warehouse to 
be treated at the rate of 2.0 mg. per cubic foot, 
where two of each sex remained for 18 days (5 
treatments) and the last two of each sex remained 
for 46 days (13 treatments). The two monkeys in 
the warehouses treated with DDVP at 0.5 mg. per 
cubic foot were moved into the warehouse treated 


Taste 1.—Plasma and Erythrocyte Cholinesterase Values of Volunteers Exposed 
to DDVP Vapors in Tobacco Warehouses During 1956 Study 


Cholinesterase Value, A pH/Hr. 


Plasma 


After Ist 


Subject No. Preexposure Exposure 


0.73 * 


* Indicates eight-hour exposure in 1 mg. per cubic foot warehouse; +t, eight-hour exposure in 2 mg. per cubic foot warehouse; 
hour exposure in 10 mg. per cubic foot warehouse; §, four-hour exposure in 10 mg. per cubic foot warehouse. 
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at 2.0 mg. per cubic foot, and the monkeys in the 
control warehouses were moved into the one treated 
at 1.0 mg. per cubic foot, where they remained 44 
days (13 treatments). During the second test, the 
animals were removed from the second floor of 
each warehouse just prior to each treatment with 
DDVP and were kept on the untreated first floor 
for approximately 12 hours before being returned 
to the second floor. 


Results 


1956 Study.—None of the volunteers 
showed signs or felt symptoms suggestive 
of organic phosphorus intoxication. One of 
the men (Subject 1), who had been period- 
ically subject to such attacks, developed 
bronchial asthma during the latter part of 
the second exposure period. However, this 
condition was thought to be due to the 
dampness and dust in the warehouse rather 
than to an effect of the DDVP, since the 
former factors had precipitated previous 
asthmatic attacks in this man. 

The preexposure and postexposure plasma 
and erythrocyte cholinesterase levels of the 
volunteers are shown in Table 1. It may be 
seen that all four subjects had a decreased 
plasma enzyme activity after their first ex- 
posure. After the second exposure, only one 
subject hada further small decrease in plasma 
cholinesterase, while the other three volun- 
teers actually had increased levels. In the 
case of the erythrocyte enzyme level, little 
change was noted after the first exposure, 


while three of the four subjects had lower 
levels after the second exposure. These 
observations are not unexpected in view of 
the known tendency toward rapid recovery 
of DDVP-inactivated plasma cholinesterase 
and the much slower recovery rate of the 
erythrocyte enzyme. It should, however, be 
noted that none of the volunteers at any 
time showed any severe diminution of cholin- 
esterase level, all the variations being com- 
pletely or almost within the limits of 
variability for normal population values. 
None of the subjects tested, including the 
four experimental subjects and two controls, 
showed any decrease in cholinesterase level 
detectable by the bromthymol blue method 
(i. e., less than 25% decrease). 

No signs of DDVP poisoning were noted 
in any of the rats or monkeys confined in 
the treated warehouses. As shown in 
Table 2, the cholinesterase activity levels 
for the rats exposed to 1 or 2 mg. DDVP 
per cubic foot were not depressed from the 
control values, while both male and female 
rats exposed to 10 mg. per cubic foot did 
show, on the average, some decrease of 
plasma and_ erythrocyte level. 
Figure 1 illustrates the blood cholinesterase 
curves for the monkeys. All the exposed 


enzyme 


monkeys showed decreased cholinesterase 
levels for both plasma and_ erythrocytes 
during the period of their exposure. The 


TABLE 2.—Plasma and Erythrocyte Cholinesterase Levels of Rats Exposed for 
Varying Periods of Time in Tobacco Warehouses Treated with Indicated 


Males 


Treatment, 
Mg/Cu. Ft. 


Exposure 


Time, Days Plasma 


(Mean) 
1 
2 
7 
(Mean) 
1 
2 


‘ 


(Mean) 
Control 
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Amounts of DDVI 956 


Cholinesterase Level, A pH/Hr. 


Females 


Erythrocytes 


Erythrocytes 


Plasma 


0.14 
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monkeys exposed to the higher concentra- 
tion of DDVP showed a severer depletion 
than did those exposed to the lower concen- 
tration of the toxicant. 

It can be seen from Table 3 that the air 
in the warehouses treated at 1 and 2 mg. 


per cubic foot reached maximal DDVP 
levels of O.7pg. and 1.7yg. per liter (or 
19.7ng. and 48.3ng. per cubic foot), respec- 
tively. These values had decreased to unde- 
tectable levels by 48 hours after treatment. 
It is of interest to note that in each instance 


TABLE 3.—Concentration of DDV P in Air of Tobacco Warehouses at Various 


Times After 


Treatment 


DDVP Content, ug/L. 


Dosage, 1956 Study, Mg/Cu. Ft. 


— 


Dosage, 1957 Study, Mg/Cu. Ft. 


Treatment 1 2 10 0.5 1 2 
2-3 Hr... 0.7, 0.5 1.6, 1.7 
4uHr 13 1.5 2.2 
24 Hr. 0.7, 0.9 0.9 0.27 0.12 0.14 
48 Hr......--.---------- <0.3 <0.4 14 0.05 0.12 0.15 
72 Hr. - ---- 0.03 0.06 0.07 
7 Days..-------------- <0.04, <0.04 <0.04, <0.04 0.4, 0.4 
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Application — 
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Total or Mean 


Plasma Exposure Cells 
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Plasma Exposure Cells 
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Plasma Exposure Cells 


Cells Plasma Exposure Cells 
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te order of decreasing exposure. Emphasis is placed on early ex- 


time of first exposure for each person. 


The men are arranged in approxima 


and cholinesterase levels are given as 4 pH per hour. 


* Exposure is in hours, 
posure when the concentration of DDVP int 


ical lines in the Table indicate the 


he air was highest. The heavy vert 


the maximal concentration of DDVP in air 
actually observed was only about 2% of 
the theoretical maximal concentration. The 
warehouse treated at 10 mg. per cubic foot 
showed about the same DDVP concentration 
as the 2 mg. per cubic foot warehouse 24 
hours after treatment, but the toxicant con- 
centration remained at a high level much 
longer in the 10 mg. per cubic foot build- 
ing, still being 0.4ug. per liter after seven 
days. 

1957 Study, First Test—The cholinester- 
ase levels of men exposed to DDVP vapor 
are shown in Table 4. All values of the 
men in this test fall within the limits of 
normal, with the possible exception of the 
last two plasma values for Subject 6. 
Although this man did not have as many 
hours of exposure as some others, he dif- 
fered from most (but not from Subjects 
1 and 5) in having exposure during the 
first one or two hours after application of 
insecticide, while the concentration of 
DDVP in the air was maximal. A number 
of the men (Subjects 1, 4, 5, 6, 7, and 9) 
showed a decrease in their red cell or plasma 
values 24 hours after the DDVP was ap- 
plied. However, this effect occurred in men 
(Subjects 7 and 9) who had no exposure 
whatever during the first day. Further, the 
depletion did not occur in one (Subject 2) 
who received a greater exposure than all the 
others except Subject 1. Thus the apparent 
depletion which occurred in some samples 
during the first 24 hours must have been 
caused by some factor other than exposure. 
The changes in cholinesterase values on 
other days appear to be random and entirely 
unrelated to exposure. 

No effect of exposure on the cholinester- 
ase levels of rats was noted in this test. The 
red cell and plasma cholinesterase levels of 
the monkeys are shown in Figure 2. The 
variability of the values during the long 
control period is noteworthy. Much of the 
variation is systematic and probably repre- 
sents some unidentified variable in the con- 
ditions under which the test is run rather 
than any real variation in the cholinesterase 
levels of the animals. The values obtained 
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after exposure in the first test show this 
sort of common effect. Because the depletion 
was shown by the controls as much as by 
the experimental animals, it cannot be con- 
sidered a result of DDVP. 

The concentration of DDVP in the air of 
the tobacco warehouses is shown in Table 3. 
Comparison of these values for DDVP 
applied as a thermal aerosol with those re- 
ported for DDVP applied by sprinkling on 
floors, as reported above in the 1956 study, 
indicates, as might be expected, that the 
aerosol produces higher initial concentra- 
tions. The aerosol produced measurable 
concentrations of DDVP in the air for at 
least three days at dosage rates of 0.5 mg. 


Durham et al. 


per cubic foot or greater. This result is 
different from that obtained after application 
by sprinkling. The difference could be as- 
sociated with differences in the area covered 
by residue or differences in temperature or 
both. 

Second Test—Measurement of the con- 
centration of DDVP in air during the first 
test of this experiment indicates that (with 
the same temperature and dosage levels) 
biweekly treatments would produce concen- 
trations which would not fall below measur- 
able levels before the next dose is applied. 

Cholinesterase levels of rats exposed after 
multiple treatments with DDVP are shown 
in Table 5. A definite depletion of red cell 
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TABLE 5.—Cholinesterase Levels of Rats Kept in 
Warehouse Treated Repeatedly with DDVP* 


Interval from Ist 
Treatment of 
Warehouse, Days RBC 
22 0.17 

0.21 
50 0.11 

0.12 
22 0.20 
50 


0.24 
0.24 
0.14 
0.17 
0.44 
0.34 
0.35 
0.43 


0.19 
0.10 
0.15 


* Cholinesterase levels are given as A pH per hour. DDVP 
treatment was at a rate of 2.0 mg. per cubic foot. 


cholinesterase occurred after 50 days of 
exposure but not after 22 days. The plasma 
level was not definitely changed even after 50 
days. This is an unexpected result regard- 
ing the time of depletion, because depletion 
usually occurs promptly (half or more 
within a week) and then gradually levels 
off to equilibrium value? The degree of 
depletion obtained in this test was slightly 
less than that previously obtained by feeding 
DDVP at a concentration of 200 ppm in 
the food. Rats tolerate 1,000 ppm in the 
food. 

The cholinesterase levels of the monkeys 
exposed in the same way as the rats are 
shown in Figure 2. As with the rats, the 
monkeys failed to show a definite depletion 
of enzymes after 22 days of exposure but 
did show a distinct depletion after 50 days 
of exposure. (It may be noted that, in con- 
trast to the systematic variations within the 
normal range discussed above, over half of 
the red cell values after 50 days of exposure 
were lower than those which ordinarily 
occur in normal monkeys.) Recovery was 
prompt when dosage was withdrawn. The 
plasma cholinesterase showed a similar but 
smaller depletion as compared to the red cell 
enzyme. Although the group average for 
plasma level was distinctly low, no single 
value was below the range found in com- 
pletely normal monkeys. 


Comment 


A previous laboratory study of respira- 
tory exposure to DDVP in a Peet-Grady 
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chamber ? gave results which may be com- 
pared to those reported here. In the earlier 
work, DDVP was applied to walls and 
ceiling at rates of 82 or 164 mg. per cubic 
foot. Air concentration values ranged from 
a maximum of 6yg. per liter immediately 
after spraying to 0.lyg. per liter at the end 
of two weeks. Under these exposure condi- 
tions monkeys showed a definite and rats 
a borderline decrease in blood cholinesterase 
level. The treatment levels in this Peet- 
Grady chamber test were much higher than 
were those used in any of the warehouses. 
Higher initial values of DDVP concentra- 
tion which were maintained longer were 
obtained in the chambers. However, the 
effect on monkeys and rats in the two situa- 
tions was very similar. This similarity of 
effect would seem to be an indication that, 
even though small concentrations of DDVP 
cause a measurable effect on the cholinester- 
ase level of exposed monkeys, considerably 
larger concentrations can be withstood with 
little additional cholinesterase diminution 
and no clinical signs of organophosphorus 
intoxication. 


Experience has shown that workers who 
mix or apply organic phosphorus insecticides 
over a period of several weeks or more show 
an initial, gradual depletion of cholinesterase 
level which reaches an equilibrium in spite 
of continued exposure. The phenomenon has 
been observed with parathion*® and with 
Diazinon (O,O-diethyl O-[2-isopropyl-4- 
methyl-6-pyrimidiny!] phosphorothioate).1°" 
This sort of enzyme depletion is not ac- 
companied by illness. At a given dosage, 
equilibrium is generally achieved within four 
weeks. Tests show that rats which achieve 
equilibrium enzyme depletion by exposure to 
parathion over a period as long as four 
weeks do not have an increased susceptibility 
to a challenge dose of parathion." 

The results of the tests described above 
indicate that DDVP treatment of ware- 
houses at the rate of 10 mg. per cubic foot 
might constitute a hazard to workers, as 
judged from the observed effect on cholin- 
esterase levels of rats, monkeys, and humans 
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and from air concentration values. The re- 
sults for levels of 1 and 2 mg. per cubic foot 
are less clear-cut, but it might be concluded 
that at least the latter level is too high for 
safety, since an effect was noted on the 
cholinesterase level of exposed monkeys. 
However, it should be noted that these 
monkeys were exposed during treatment to 
the high initial concentrations of DDVP 
vapor occurring soon after treatment and 
continuously thereafter, in contrast to work- 
ers who would be exposed for only eight 
hours per day after the initial high concen- 
trations of DDVP had diminished. 

The rats and monkeys were exposed 24 
hours a day beginning about 12 hours after 
each treatment with DDVP in the second 
test. Thus the conditions of their exposure 
were severer than would be encountered by 
men working the usual eight-hour day in a 
warehouse. On this basis, it appears unlikely 
that men working an eight-hour day in 
warehouses treated with DDVP twice a 
week at dosage levels as great as 2 mg. per 
cubic foot would show a greater cholinester- 
ase level depletion than did the monkeys in 
the second test. This depletion was smaller 
than those shown by certain groups of 
workers who use parathion without develop- 
ing symptoms. The chance is remote that 
warehouse workers (in contrast to applica- 
tors) would be heavily exposed to DDVP as 
the result of an accident. DDVP is, there- 
fore, considered safe for warehouse workers 
when used twice a week or less often at a 
rate of 2 mg. or less per cubic foot. On 
the contrary, there is real danger of acute 
poisoning of applicators as the result of 
careless or accidental contamination of the 
skin through a failure to observe recom- 
mended precautions. 


Summary 


Tests have been carried out in tobacco 
warehouses to determine the toxicity 
of DDVP (O,O-dimethyl-2,2-dichlorovinyl 
phosphate) to mammals and its effectiveness 
against the cigarette beetle. The insecticidal 
aspect of the work has been presented else- 
where. In some tests, DDVP was dissolved 
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in perchlorethylene and sprinkled on the 
floors; in other tests it was applied as a 
thermal aerosol. Dosage levels studied were 
0.5, 1, 2, and 10 mg. per cubic foot. Human 
volunteers spent up to eight hours per day 
and rats and monkeys were confined con- 
tinuously in the treated warehouses. Con- 
comitant studies of concentration of DDVP 
in the air were made. No signs or symp- 
toms of DDVP intoxication were noted in 
volunteers or experimental animals. All 
species showed some degree of cholinester- 
ase depletion after exposure to the highest 
DDVP application. Aerosol application of 
DDVP produced less cholinesterase effect 
than did sprinkling of a perchlorethylene 
solution of DDVP. It is concluded that 
DDVP would be safe for warehouse 
workers when applied twice a week or less 
often at a rate of 2 mg. or less per cubic 
foot as a thermal aerosol. 

Mr. James Sellers collected the air samples and 
assisted in many other ways; Mr. Vincent Sedlak 
performed the analyses for DDVP. 


Wenatchee, Wash. 
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Environmental Exposure to Uranium Compounds 


Air, Urine, and Medical Findings 


MORTON LIPPMANN, S.M., New York 


Introduction 


This discussion is based on air and urine 
samples which were taken in a uranium 
refinery in 1950 and 1951. The plant had 
been in operation since 1942, and exposures 
to airborne uranium compounds in most 
operating areas of the refinery were as high 
or higher than in any other Atomic Energy 
Commission plant. 

Data from two plants of the refinery will 
be discussed in detail. In Plant 1, UO2 was 
hydrofluorinated to UF,4, and in Plant 2, 
UF’, was fluorinated to UFs. The exposure 
in Plant 1 was largely to UOz and UF,, 
which are considered insoluble uranium 
compounds, while in Plant 2 the exposure 
was mostly to UF and its hydrolysis prod- 
uct UOeFs, which are considered soluble 
uranium compounds. Both plants operated 
24 hours a day, with four shifts of operating 
personnel. The men worked eight-hour 
shifts for five days and were off for 48 
hours, returning to a later shift. 

A urine sampling program was initiated 
in January, 1950. Spot samples were taken 
in pairs, one at the end of the work week 
and the other 48 hours later, just before 
the men returned to work. They were taken 
every week but not usually from the same 
group each week. An average of about one 
pair of samples per man per month was 
collected. All samples were analyzed fluori- 
metrically. The urine sampling program 
continued until late in 1951, when the two 
plants were permanently closed. A compre- 
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hensive air-sampling program had_ been 
initiated in 1949 and continued until the 
plants were closed, so that for 1950 and 
1951 there were air and urine data for the 
same group of men. Both general air and 
breathing-zone air samples were taken, so 
that time-weighted average air dust expos- 
ures could be calculated for each man in 
the plants. All air samples were collected 
on 1 in. circles of Whatman No. 41 filter 
paper at a flow rate of 20 liters per minute 
and analyzed by a-scintillation counting. 
Samples which were too heavy to give an 
accurate a-count were analyzed fluorimetri- 
cally. There was a sufficient number of such 
samples in the records of the Health and 
Safety Laboratory to permit the calculation 
of an average exposure for each group of 
operators, by month, for most months in 
1950 and 1951. During this period, approxi- 
mately 3,000 air samples were collected in 
Plants 1 and 2. During the same period, 
about 1,000 pair of urine samples were 
collected from the operating personnel in 
Plants 1 and 2. 


Sources of High Exposures 


In Plant 1, most of the exposures re- 
sulted from handling dry and UF, 
and showed up in breathing-zone air sam- 
ples. Accordingly, a person’s exposure would 
be expected to vary from the average for 
the group, depending on his work habits. 

In Plant 2, most of the high exposures 
were due to general air contamination. This 
plant was essentially one large open area, 
so that contamination released in one part 
spread rapidly throughout. One major 
source of general air contamination was 
plugged UF, lines. These lines were 4% in. 
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copper tubing and often leaked slightly, 
especially at the joints. Humidity in the 
stream hydrolyzed the UFs to UOsF2, 
which built up inside the tubes, often plug- 
ging them. To clean the lines, the operators 
disconnected them and dislodged the caked 
UOsF» with a rod. As the lines unplugged, 
a large amount of UOsFs and UF. was 
released to the room. The problem of UF¢ 
line-plugging was especially serious during 
humid days, since high humidity increased 
the hydrolysis rate. The concentration of 
UOseF» in the air of Plant 2 was frequently 
high enough to reduce visibility. General air 
samples were as high as 90,000yg. per cubic 
meter, and the average of 68 samples taken 
from mid-September to mid-October, 1949, 
was 5,300ug. per cubic meter. The time- 
weighted average air dust exposures cal- 
culated for Plant 2 personnel were based 
on a large number of air samples and are 
good representations of the average ex- 
posures but, considering the wide variation 


Fig. 1—Plant 2 loaders loading green salt 


in concentration with time and location, are 
not always representative of the exposure 
of any person. Thus anyone who spent any 
time in Plant 2, including supervisors, main- 
tenance men, laboratory technicians, ship- 
ping and receiving men, etc., could have 
received one or more massive exposures. 


Job Descriptions for Populations 
Studied in Detail 

I. Exposure to “Insoluble” Uranium 
Compounds.—A. Plant 1 Loaders: These 
men loaded UQz in trays, loaded the trays 
in tubes, sealed the tubes, and removed 
them to a storage area, where they were 
picked up by the reactor-furnace operators. 
The loaders removed the tubes after the 
reaction and dumped out the UF. They also 
weighed and sealed drums of UF,. The 
remainder of their work day was taken 
up with clean-up time, lunch, and breaks. 

B. Plant 1 Reactor Furnace Operators: 
These men placed the tubes of UOz in the 


into trays. In the background are the reactors 


and the lines connecting them to the UFs receiving tanks. 
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reactor furnaces, connected HF lines to the 
furnaces, removed the lines after completion 
of the reaction, and removed the hot tubes 
of UF, to the storage area. The remainder of 
the work day was spent in the furnace 
area and at lunch and breaks. 

IT. Exposure to “Soluble” Uranium Com- 
pounds.—A. Plant 2 operators tended the 
reaction cells which fluorinated UF, to UF¢. 
They did little more than check gauges and 
observe the progress of the reaction, except 
when they had to unplug clogged UF lines. 
Their exposure was almost entirely to 
“soluble” uranium. 

B. Plant 2 redistil!ation operators purified 
the bottled UF. collected from the reaction 
furnaces by redistilling it. They connected 
and disconnected UFs lines and unplugged 
them when they clogged. Their exposure 
was almost entirely to “soluble” uranium. 

III. Exposure to Both Soluble and In- 
soluble Uranium Compounds.—Plant 2 
loaders filled trays with green salt (Fig. 1), 
inserted the trays into the reaction cells, 
sealed the cells, and connected the HF lines. 
After the reaction was complete they re- 
moved the lines, opened the cells, and re- 
moved the trays. They also cleaned out the 
ice traps and cleaned up spilled green salt. 
They were exposed to both “insoluble” UF, 
when handling the green salt and to 
“soluble” uranium compounds from the gen- 
eral Plant 2 air. 


Medical Program and Findings 


All employees received preemployment 
physical examinations and repeated labora- 
tory examinations from the time of their 
employment. Prior to 1950, no cases of 
renal injury had been found. Up until this 
time, there had been an occasional case of 
abnormal urinary findings, but these had not 
been followed up. However, in the early 
months of 1950, one Plant 1 and five Plant 
2 workers showed abnormal urinary find- 
ings, and a follow-up study was initiated 
on these men. The medical tests performed 
have been described in detail by Eisenbud 
and Quigley.1 These tests indicated no 
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Tase 1.—Job Description and Dust Exposure for 
Six Men with Abnormal Urine Findings 


“Soluble” Exposure, 
Uranium, Mo.t 


Case Job Description ue/M.** 

K 9 
M Loader: UF, to UF, plant 3,500 19 
R 13 
Cc Operator: UF, to UF, plant 300 22 
P Shipping & receiving’ UF, to 100 16 

UF, plant 
H Operator: UO: to UF, plant <50 91 


* January-June, 1950, calculated average exposure. 
+ Months between start of employment and first urine 
abnormality 


diminution in renal function. The men were 
removed from further contact with uranium 
when the urine abnormalities were first 
encountered, and, in all cases in which fol- 
low-up was possible, urinary findings re- 
turned to normal within a matter of months. 
The job descriptions and dust exposure of 
these men are summarized in Table 1 and 
are discussed in detail in the next section. 

For Plant 1 personnel, exposed to “in- 
soluble” uranium compounds, no evidence 
was found of renal injury nor have any 
lung pathology or blood changes been ob- 


served. Two men from Plant 1 died of. 


nonoccupational causes, and the data relative 
to the autopsy findings were reported by 
Eisenbud and Quigley... The measured 
uranium concentrations in the two men’s 
lungs were 0.06% and 0.41% of the con- 
centrations predicted from the plant air 
sampling data and the inhalation experi- 
ments on dogs conducted at the University 
of Rochester. 

Unpublished autopsy data from other 
sources * also indicate much lower concen- 
trations of uranium in the lung than would 
be expected. The data are for men with 
exposures of several years’ duration in 
uranium refining and machining operations, 
and, while detailed exposure histories are 
not available, there is no doubt that the ex- 
posures were real. The lung concentrations 
for these people were only slightly above 
background levels for unexposed people in 
the same geographic areas. 
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TasLe 2—Monthly Average Dust and Urine Concentrations 


Exposure to “Soluble’’ Uranium 


Exposure to “Insoluble”’ Uranium 


Plant 2 Operators 


Plant 2 Still. Op. 


Plant 1 Loaders Plant 1 Reactor Fur. Op. 


Urine, ug/L. 
Air, ——— — Air, 
Month ywg/M.? B* 


(Jan. 440 

Feb. 370 

March 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

March 

April 370 

May 190 

June 390 

July 450 

Aug. 5 270 

Sept. 2 f 340 
190 
260 
235 


Urine, ug/L. 


Afr, 


A ug/M.? B 


Urine, ug/L. 


Urine, ug/L. 
— Air, 
we/M.* A 


170 
150 


* B indicates before-weekend urine; A, after-weekend urine. 


The following conclusions may be drawn 
from these fragmentary data: 1. Increased 
efforts should be made to obtain additional 
information on tissue concentrations of ex- 
posed populations. 2. Studies should be made 
to determine the retention factors, deposi- 
tion sites, and elimination rates for airborne 
uranium particulates in humans, and the 
effects of particle size, shape, solubility, etc. 
on these factors. 


Air and Urine Data for Groups Exposed 
to “Soluble” Uranium Compounds 
Inhaled “soluble” airborne particulates 
are eliminated rapidly after exposure. Since 
“soluble” natural uranium is considered to 
be primarily a nephrotoxic agent, and since 
the urine uranium concentration of an ex- 
posed person reaches a peak very shortly 
after exposure, after-work or before-week- 
end urine samples are generally considered 
to be indicative of exposure. In the discus- 
sion to follow, before-weekend urine samples 
are compared to air exposures. The monthly 
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average air and urine concentrations are 
summarized in Table 2. 

Comment on Plant 2 Loaders (including 
Cases K, M, and R in Table 1).—During 
the first half of 1950, the 29 men who were 
Plant 2 loaders were exposed to a time- 
weighted average dust exposure of 5,500ug. 
per cubic meter (total uranium) of which 
3,500ug. per cubic meter was “soluble” 
uranium, This was the highest exposure 
to “soluble” uranium of any group in the 
plant, and the group had been at this level 
or higher for several years. Respirators 
were made available to the Plant 2 workers. 
In general, they were worn by the loaders 
when handling the trays of green salt and 
ash but were rarely worn otherwise. It is 
not believed that they were used enough 
of the time to have a material effect on 
the air exposures to “soluble” uranium 
compounds. 

During the period under consideration, 
January-June, 1950, these men contributed 
100 before-weekend urine samples. Figure 
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T T 
| 
SOLID LINES FOR BEFORE WEEKEND SAMPLES | | 
5,000 BROKEN LINES FOR AFTER WEEKEND SAMPLES T 
- PLANT 2 LOADERS - JAN-JUNE 1950 
@ - PLANT 2 REDISTILLATION OPERATORS 


(1950 AND 1951) 
X - PLANT 2 OPERATORS (1950 AND 1951) 


Fig. 2.—Distribution of 
before- and after-week- 
end urine samples for 
men exposed to “soluble” 
uranium compounds. 


URINE URANIUM CONCENTRATION ~ yig/1 


100 | 


50 


2, which shows the distribution of these 
samples indicates that 50% were greater 
than 900ug. per liter; 25% were greater 
than 2,000ug. per liter, and 10% were 
greater than 4,000ug. per liter. The highest 
sample was 13,200ug. per liter. While none 
of the 29 men showed any clinical symp- 
toms or diminution of renal function, 3 of 
the 29 (Cases K, M, and R), a possibly 
significant percentage, showed abnormalities 
in their urine which could have been pre- 
toxicity signs. 

Comment on Plant 2 Operators (includ- 
ing Case C).—In 1950 and 1951, 35 men 
worked as Plant 2 operators. These men 
were exposed to “soluble” uranium and had 
monthly average exposures ranging from 
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6lyug. to 470ug. per cubic meter (Table 2). 
During this time they contributed 298 be- 
fore-weekend urine samples (Fig. 2), with 
50% of them greater than 260g. per liter; 
25% greater than 540yg. per liter; 10% 
greater than 1,000ug. per liter, and the 
highest sample being 6,780ug. per liter. 
These men showed no clinical symptoms 
and only one case of urine abnormality 
(Case C). Considering the variability of 
working habits and plant conditions in Plant 
2, Operator C could have been exposed to 
considerably more than the average expos- 
ure for a significant period of time. 
Comment on Plant 2 Redistillation O pera- 
tors (no cases)—In 1950 and 1951, ten 
men worked regularly as uranium hexa- 
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fluoride distiliation operators. These men 
were exposed to “soluble” uranium and had 
monthly average exposures ranging from 
9ipg. to 930ug. per cubic meter (Table 2). 
During this time they contributed 122 be- 
fore-weekend urine samples (Fig. 2), with 
50% greater than 400yg. per liter; 25% 
greater than 850yg. per liter; 10% greater 
than 1,600ug. per liter, and the highest 
sample 6,060ug. per liter. These men 
showed no clinical symptoms and no urine 
abnormalities. 


Comment on Shipping and Receiving 
Personnel (including Case P).—Relatively 
few data were collected for these people. 
Too few urine samples were collected to 
make a meaningful comment. Air samples 
representative of dust exposure indicate 
that the average exposure did not exceed 
about 100ug. per cubic meter of “soluble” 
uranium. 

Comment on Other Personnel Exposed to 
“Soluble” Uranium (no cases).—In addi- 
tion to the operating personnel already dis- 
cussed, there were about 10 supervisory 
personnel, 15 maintenance men, 10 labora- 
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tory men, and 16 security guards who were 
exposed to “soluble” uranium compounds 
during part of their work day. None of 
these men showed any clinical symptoms 
or urine abnormalities. 


Comment on Plant 1 Reactor Furnace 
Operators (including Case H).—In 1950 
and 1951, fourteen men worked as reactor 
furnace operators. These men were exposed 
almost exclusively to “insoluble” uranium, 
and their monthly average exposures ranged 
from to 240ng. per cubic meter 
(Table 2), of total uranium. During this 
time they contributed 85 before-weekend 
samples (Fig. 3), with 50% greater than 
40ng. per liter; 25% greater than 75yg. per 
liter; 10% greater than 130yg. per liter, 
and the highest sample 348ug. per liter. 
These men showed no clinical symptoms 
and, except for Case H, no urine abnor- 
malities. It is questionable whether the 
urine abnormalities of Case H were due to 
“soluble” uranium exposure, since his ex- 
posure was exclusively to UO2 and UF,. 
on Plant 2 


Comment Urine Uranium 


Levels——The urine uranium concentrations 


SOLID LINES FOR BEFORE WEEKEND SAMPLES 


BROKEN LINES FOR AFTER WEEKEND SAMPLES 


@ --PLANT | LOADERS (1950 AND 1951) 
© - PLANT | REACTOR FURNACE OPERATORS + 
(1950 AND 1951) 


Fig. 3.—Distribution of 


before- and after-week- 


end urine samples for 


men exposed to “insol- 


uble” uranium compounds. 
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TABLE 3.—Uranium Excretion and Medical Findings * After Injection of 


Hexavalent Uranium 
Calculated Excretion Medical Findings t¢ 
Rate at 2-4 Hr. 
Uranium Injected After Injection Urine Serum 
Patient pe. we/ Kg. ug /Hr. ug/L. Catalase Albumin Casts Nitrogen Pathology 

1B 5,000 97 280 4,400 -- 
2B 5,900 130 590 9,300 + Trace - _ _ 
3B 4,300 70 390 6,300 - - 
4B 11,200 170 1,000 16,000 + + + + No test 
5B 15,800 280 1,100 17,000 + + + + in 
4R 1,900 30 200 3,200 No test 
5R 2,700 42 300 4,800 No test 
6R 3,900 70 400 6,400 Trace No test 


* Other tests on the “B” patients included electrocardiograms, 
negative. 


t + indicates positive findings; —, negative findings. 


for the Plant 2 operating personnel were 
considerably higher than any presently ac- 
cepted levels. There is a wide range of 
acceptable levels in the uranium industry, 
with some installations considering any de- 
tectable amount too much and others using 
levels as high as 300ug. per liter as an upper 
limit. It can be seen from Figure 2 that 
80% of the Plant 2 loaders’ before-weekend 
urine samples were above 300ug. per liter. 
A review of the literature did not yield 
urine values of this magnitude for persons 
with chronic exposures to airborne uranium. 
It is interesting to compare these urine levels 
to those found in experiments where human 
subjects were given injections with “soluble” 
uranium. Two such experiments have been 
reported, one on six hospital patients at 
the University of Rochester * and the other 
on five terminal patients at Massachusetts 
General Hospital.4> The dose data, excre- 
tion rates, and medical findings for these 
experiments are summarized in Table 3. 
For brevity, Patients 1, 2, and 3 of the 
Rochester group were omitted, since they 
had low doses and no positive findings. For 
all of the hospital patients, the excretion 
rate increased until it reached a maximum 
at about one hour after injection, remained 
at about that level until about five hours, 
and decreased rapidly thereafter. From the 
excretion rate curves of these patients, the 
rate at two to four hours after injection 
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liver function, hematologic tests, and glucose tolerance: all were 


was chosen as a comparison figure for the 
before-weekend urines of the Plant 2 work- 
ers. Table 3 shows that positive medical 
findings were reported only for Patients 
6R, 2B, 4B, and 5B. Patient 6R showed 
only a trace of albuminuria, while Patient 
2B showed both a positive catalase and a 
trace of albumin. Patients 4B and 5B, with 
the highest doses, showed positive findings 
for urinary catalase, albumin, and casts, 
and for serum nonprotein nitrogen. Patients 
1B, 2B, 3B, and 5B, dying 2.5, 74, 556, 
and 139 days after injection, respectively, 
were brought to autopsy, and their kidney 
pathology was negative. 


Air and Urine Data for Groups Exposed 
to “Insoluble” Uranium Compounds 


In Plant 1 the reactor furnace operators 
and the loaders were exposed to UOQs and 
UF’4, which are considered to be “insoluble.” 

“Insoluble” uranium is considered an 
internal hazard as an a-emitter, with the 
critical organ being the lung. Bale,® of the 
University of Rochester, has recommended 
25ug. of uranium per gram of tissue as a 
maximum allowable level for lung deposi- 
tion, based on a tissue dose of 300 mrem 
per week to the lung and an RBE of 10 
for a-particles. Using this figure, and a 
half-life of uranium in tissue of 100 days, 
Neuman, of the University of Rochester, 
calculated that 60ug. per 24 hours would be 
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excreted due to this lung deposition. Since 
uranium is also stored in other body tissue 
and bone, he suggested that an excretion 
level of 100ug. per 24 hours (equivalent to 
about 67ug. per liter) would be a safe urine 
concentration for people exposed to “in- 
soluble” uranium. He suggested that this 
limit be applied to Monday morning (after- 
weekend) urine samples, which would in- 
dicate body burden elimination rather than 
the elimination of recently inhaled “soluble” 
uranium, which would be present in a be- 
fore-weekend or Friday sample. Actually, 
even a Monday morning sample is not 
indicative of body burden, as will be brought 
out in the discussion of urine sampling to 
follow, and leads to high estimates when 
used to estimate body burden. 

In this section, after-weekend urines are 
compared with air dust concentrations. The 
air dust concentrations are not actual ex- 
posures in these cases, since respirators 
were usually worn at the dusty operations 
of loading and unloading trays. The respira- 
tors provided an unknown measure of pro- 
tection. For the Plant 1 loaders, respirators 
were worn at operations representing about 
60% to 80% of their calculated exposure. 
Since, in practice, respirators are rarely 
used to their best advantage, the loaders’ 
exposure was probably at least 25% of the 
calculated average air concentration. The 
Plant 1 reactor furnace operators did not 
normally wear respirators in the course of 
their operations. 

During 1950 and 1951, fourteen Plant 1 
loaders worked in average air concentra- 
tions ranging from 1,300yg. to 9,700ug. per 
cubic meter (Table 2). Between January 
and June, 1950, the average air concentra- 
tions ranged from 8,100ug. to 9,700ug. per 
cubic meter, so that for this period the 
loaders’ actual exposures were in the milli- 
gram per cubic meter range, even allowing 
for a 75% reduction by the use of respira- 
tors. The distribution of the loaders’ 1950- 
1951 after-weekend urine samples is shown 
in Figure 3, indicating that 50% were 
greater than 28ug. per liter; 25% were 
greater than 46yug. per liter; 10% 
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Fig. 4—Exposure to “insoluble” uranium com- 
pounds. Air dust exposure versus after-weekend 
urine concentration. 


were greater than 7Oug. per liter, and the 
highest sample was 108yg. per liter. Dur- 
ing the same period, 14 reactor furnace 
operators working in air concentrations 
ranging from 80yug. to 240ug. per cubic 
meter (Table 2) contributed 87 after-week- 
end urine samples (Fig. 3), of which 
50% were greater than 12ug. per liter; 10% 
were greater than 40ug. per liter, and the 
highest sample was 60ug. per liter. 

Figure 4 is a plot of after-weekend urines 
versus monthly time-weighted average air 
dust concentrations. The calculated regres- 
sion line is shown. For men working in 
average air concentrations of from 1,250yg. 
to 4,400ng. per cubic meter, only 1 urine 
sample in 56 exceeded 67g. per liter, while 
for men working in air concentrations of 
8,100ng. to 9,700ng. per cubic meter, 8 
samples of 33 exceeded 67ug. per liter. 
Urine samples that really indicated body 
burden, such as a sample taken a week or 
more after the last exposure, would have 
been lower than the after-weekend values 
plotted in Figure 4. 


Uranium Excretion Rate After Exposure 


The before- and after-weekend samples 
discussed so far represent only two points 
in time on a uranium excretion curve. To 
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Fig. 5—Urine uranium excretion after massive 
single exposures. 


define the manner by which uranium excre- 
tion varies with time after exposure ceases, 
additional points in time would be required. 
Such data were not available from the rec- 
ords of Plants 1 and 2, but data of this type 
for other persons exposed to uranium are 
available. Figure 5 is a plot of urine uranium 
excretion versus time for three men who 
had single massive exposures to uranium. 
The validity of a straight line relationship 
on log-log paper is supported by the injec- 
tion studies at Rochester* and Boston *° 
discussed previously. The excretion curves 
for these studies were also straight line 
plots starting at about five hours after in- 
jection and continuing to the lower limit 
of measurement for the Rochester group 
and to expiration for the Boston group. 
Two facts about the curves of Figure 5 
will help in my discussion of urine uranium 
sampling: (1) the excretion rate continues 
to drop steadily for about three weeks after 
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exposure and (2) the rate of decline is a 
function of time, and a concentration at 
any subsequent time should be predictable 
if the excretion rate at Day 1 is known. 

The second conclusion was tested on the 
data from personnel of Plants 1 and 2. If 
the before-weekend sample is considered the 
concentration at Day 1, the second sample 
should correspond to Day 3 and be depend- 
ent on the concentration at Day 1. An in- 
vestigation of the data showed that as the 
before-weekend value increased, the rela- 
tion between before- and after-weekend 
samples became more constant. Two factors 
contributed to the variable results among 
the lower concentration samples. One is the 
precision of analysis of the samples, which 
at that time was about +10yg. per liter 
for samples below 100yug. per liter, and the 
second was the influence of body burden 
excretion. The variations in length of em- 
ployment and previous exposure history 
resulted in a wide variation of body burden 
excretion. The after-weekend sample in- 
cluded both recently absorbed uranium and 
body burden excretion. To eliminate this 
second source of variation in the relation 
of before- and after-weekend samples, a 
comparison was made of (1) before-week- 
end and (2) the difference between before- 
and after-weekend urine samples. Figures 
6, 7, 8, and 9 show that these variables 
follow a constant relation. It is true for 
exposure to “soluble” uranium compounds 
(Figs. 6 and 7) and also for exposure to 
“insoluble” uranium compounds (Figs. 8 
and 9), although the absolute amount of 
uranium in the urine is much lower for the 
latter group. Figure 10 is a similar plot of 
values from the populations of Figures 6 
and 7 which were too high to fit on those 
graphs and also high samples from the 
Plant 2 loaders. These values fall on the 
same line as the lower values. Also on 
Figure 10, the 48-hour decline for the three 
single massive-exposure cases of Figure 5 
are plotted and are in good agreement with 
the data from Plants 1 and 2. 

Apparently, this consistent decline in con- 
centration in 48 hours for both groups 
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Fig. 7. — Decline in 
urine uranium concen- 
tration over 48-hour 
weekend leave for Plant 
2 redistillation operators. 
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Fig. 6—Decline in urine uranium concentration over 48-hour weekend leave for 
2 operators. 
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Fig. 8.—Decline in urine uranium concentration over 48-hour weekend leave for Plant 1 
loaders. 
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Fig. 9. — Decline in 
urine uranium concentra- 
tion over 48-hour week- 
end leave for Plant 1 
reactor furnace opera- 
tors. 
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Fig. 10. — Decline in 
urine uranium concentra- 
tion in 48 hours showing 
before-weekend samples 
greater than 2,000ug. per 
liter and three massive 
exposure cases. 
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represents the elimination of soluble ura- 
nium. In the case of exposure to “insoluble” 
compounds, it appears likely that the very 
small dust particles, with their relatively 
large surface area, are soluble. This solu- 
ble portion of the “insoluble” dust is a 
small fraction, since the ratio of air to urine 
concentration is much higher than for ex- 
posure to “soluble” compounds. If the de- 
cline in urine concentration represents the 
elimination of soluble uranium, and if the 
decline continues for several weeks, as sug- 
gested by Figure 5, then an after-weekend 
urine sample overestimates the long-term 
body burden excretion if there was exposure 
to soluble uranium in the weeks preceding 
the sample. Only if the before- and after- 
weekend samples do not significantly differ, 
will the after-weekend samples be repre- 
sentative of long-term excretion. 


Urine Sampling for Uranium 
as a Means of Control 


In order for urine sampling to be a useful 
method of control, a urine sample should 
be indicative either of exposure or of body 
burden. If a given sample cannot be com- 
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pared with the established standards and 
evaluated in relation to those standards, 
then urine sampling is of no value. With 
the air and urine data from Plants 1 and 2, 
an evaluation of urine sampling can be at- 
tempted. 

I. Urine Sampling for Men Exposed to 
“Soluble” Uranium Compounds—Evalua- 
tion of Before-Weekend Urine Sampling.— 
Since soluble uranium is eliminated very 
rapidly by the body, only a urine sample 
taken during or right after exposure could 
be representative of exposure. Conceivably, 
for men exposed to a constant atmospheric 
concentration of “soluble” uranium, urine 
results might correlate closely with air con- 
centration. For more typical industrial con- 
ditions where exposure varies with the 
operation performed and with time, the 
urine concentration at the end of the work 
day will depend on whether the peak ex- 
posure was early in the morning or at mid- 
day or just before quitting time. It could 
even be influenced by a high exposure earlier 
in the week. A before-weekend urine con- 
centration of 100ug. per liter could have 
been caused by an exposure of 500ug. per 
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cubic meter two days before, an exposure 
of 250ug. per cubic meter the day before, 
or an exposure of 50g. per cubic meter 
on the day the sample was taken. Figure 
11 is a plot of average before-weekend 
urine samples for a number of Plant 2 
workers versus average dust exposure. Also 
plotted on Figure 11 is a point taken from 
a report by Butterworth and McLean,’ of 
the United Kingdom Atomic Energy Au- 
thority. This latter point represents the 
average air and urine concentrations of 
uranium over a two-month period for a 
man * exposed only to UF, and 
The authors state that similar values have 
been found for other persons working in 
the same group. The air samples were taken 
daily for the entire eight-hour shift. The 

* The subject discussed in Butterworth’s report 
died of coronary thrombosis 12 hours after leaving 


work, and autopsy findings are discussed in the 
report. 
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urines were collected daily at the end of the 
work shift, therefore corresponding closely 
to the before-weekend samples of Plant 2. 

It can be seen from Figure 11 that there 
is a considerable scatter in the Plant 2 
points. If the 283 individual urine samples 
are plotted instead of average values, the 
scatter increases. A regression analysis of 
these data indicates a positive correlation be- 
tween individual urine values and the aver- 
age air dust exposures, i. e., urine values 
tend to increase as air exposure increases. 
However, statistical analysis also indicated 
that no prediction of exposure can be made 
for a given before-weekend urine sample 
that will be better than an order of 
magnitude. It appears, therefore, that be- 
fore-weekend urine samples cannot be used 
to obtain a reliable estimate either of aver- 
age exposure or of body storage. 

IT. Urine Sampling for Men Exposed to 
“Insoluble” Uranium Compounds—Eval- 
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uation of After-Weekend Samples.—A fter- 
weekend urine samples are usually taken 
to estimate long-term steady-state excretion 
of uranium stored in body tissues and 
compared to a level of 100ug. per day 
(67ug. per liter) suggested by Neuman.’ 
It has been shown that an after-weekend 
sample is influenced not only by steady-state 
excretion but also by material inhaled 
within the previous week or two. For ex- 
ample, an after-weekend (Monday morn- 
ing) urine value of 25yg. per liter could 
result from any of the following combina- 
tions: a steady-state contribution of 5yg. 
per liter, plus 20ng. per liter resulting from 
a Friday exposure of 200g. per cubic 
meter; or a steady-state contribution of 
15ug. per liter plus 10ug. per liter resulting 
from a Friday exposure of 100g. per 
cubic meter, or a steady-state contribution 
of 25g. per liter if there had been no 
appreciable exposure within the previous 
week, To compound the confusion, the rela- 
tive contributions would have been alto- 
gether different if the major exposure had 
occurred on some day earlier in the week 
than Friday. Another source of error is 
the assumption that a spot urine sample is 
representative. Thus, an after-weekend value 
of 25ug. per liter could be obtained from 
a person whose steady-state excretion cor- 
responds to a value somewhat less than 5yg. 
per liter or greater than 25yg. per liter 
or anything in between. However, even 
if it were granted that an after-week- 
end sample of 67yg. per liter represented a 
maximum permissible lung deposition, it 
would mean that average air exposures in 
the milligram per cubic meter range would 
be allowable, since exposures of that magni- 
tude were required to produce after-week- 
end urines greater than 67yg. per liter in 
the Plant 1 workers. It hardly seems reason- 
able to use urine sampling to detect ex- 
posures of that order. 

It would appear that the only urine sam- 
ples which would give a reasonably reliable 
indication of steady-state excretion would 
be after-vacation samples. 
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At first glance, those familiar with ura- 
nium metabolism may consider that the 
after-weekend urines in Plant 1 are much 
lower than those which would be expected 
from the exposures received. Although no 
definitive correlation has even been estab- 
lished between air exposure to “insoluble” 
uranium and urine concentrations, many 
installations have proposed correlation fac- 
tors for specific operations or groups of 
operations. These limited correlations are 
often consistent within themselves but at 
wide variance with others. Perhaps the dis- 
crepancies arise because the various installa- 
tions are not comparing the same variables. 
Most investigators have attempted to cor- 
relate exposure to urine concentration with- 
out taking into consideration when the urine 
sample was collected. Some installations 
collect samples before a shift starts, some 
at the end of a shift. Some collect samples 
before or after or even during a weekend 
leave. Since it has been demonstrated that 
a man’s urine concentration often declines 
by an order of magnitude during the course 
of a weekend, it is not surprising that dif- 
ferent correlations are found when different 
collection times are used. For the same 
exposures on a Monday-to-Friday work 
week, the urines collected on Monday morn- 
ing or Monday afternoon or any other 
morning or afternoon would tend to be 
different from each other and cannot be 
compared. Other major variables in any air- 
urine correlation include the per cent reten- 
tion in the lung of the inhaled airborne 
dust and the solubility of the dust in the 
lung. Unfortunately, the effect of these 
variables has received scant attention in the 
past and is poorly understood. 


Several preconditions would have to be 
met before any correlation could be expected 
between different sets of uranium air and 
urine data. These conditions include (1) 
urine samples collected the same length of 
time after the exposure or corrected to the 
same time and (2) exposure to compounds 
with similar physical properties, such as 
particle-size distribution and solubility. If 
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these conditions were satisfied, the data from 
various installations handling “insoluble” 
uranium could be compared. 


Summary 


Air and urine data and medical findings 
covering a two-year period are presented 
for employees of two plants of a uranium 
refinery. The Plant 1 personnel were ex- 
posed to “insoluble” uranium compounds, 
the Plant 2 personnel to “soluble” uranium. 

Monthly average air dust exposures to 
“soluble” uranium compounds were as high 
as 3,500ug. per cubic meter. For 29 men 
exposed at this level, the median before- 
weekend urine sample was 900ug. per liter; 
25% exceed 2,000ug. per liter, and the high- 
est sample was 13,200ug. per liter. None of 
these men showed any diminution of renal 
function, but 3 of the 29 had abnormal urine 
findings. For men exposed to lower air 
concentrations, there were no clinical symp- 
toms and only occasional urine abnormal- 
ities. 

Monthly average air dust concentrations 
of “insoluble” uranium compounds were as 
high as 9,700ug. per cubic meter. Although 
respirators were worn at some operations, 
they could not have reduced average ex- 
posures by more than 75%, so that some 
exposures were in the milligram per cubic 
meter range. For eight men so exposed, 8 
of 33 after-weekend urine samples exceeded 
67g. per liter, with the highest sample 
108g. per liter. For men who worked in 
average air concentrations up to 4,400ug. 
per cubic meter only 1 urine sample in 118 
exceeded per liter. 

Uranium urine excretion rate after heavy 
exposures was found to drop steadily for 
several weeks, and the rate of excretion at 
any subsequent time is a function of time 
and the excretion rate during the first day 
after exposure. 

No useful correlation could be found 
between air concentration of “soluble” 
uranium compounds and_ before-weekend 
urine concentration or between air concen- 
tration of “insoluble” uranium compounds 
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and after-weekend urine concentration. In 
addition, it is shown that an after-weekend 
urine sample does not provide an accurate 
indication of uranium body burden. 


W. B. Harris, Chief, Industrial Hygiene Branch, 
Health and Safety Laboratory, suggested this 
paper and assisted in its preparation. Dr. J. A. 
Quigley, National Lead Company of Ohio, provided 
medical data. P. B. Klevin, New York Operations 
Office, did most of the survey work and provided 
background information. The Analytical Branch 
of the Health and Safety Laboratory performed all 
the analyses. 
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Appendix 


Uranium has often been compared to lead 
and mercury as chemical hazards with sim- 
ilar toxicities. It may be of interest to note 
therefore, several recent references in the 
literature to cases of lead and mercury 
intoxication and the air exposures which 
caused them. 

Lead (MAC=0.2 mg. per cubic meter). 

I. Giel, Kleinfeld and Messite® of the 
New York State Department of Labor, 
Division of Industrial Hygiene, report clin- 
ical toxicity in 12 workers out of 29 em- 
ployed in a storage-battery plant. Air 
concentrations in this plant varied from 
0.09 to 0.65 mg. per cubic meter. Note that 
the maximum air concentration was only 
3.2 times the MAC. 

II. Pagnotto and Bavley * of the Mass- 
achusetts Department of Labor report a 
case of lead poisoning for a man exposed 
to an average of 0.60 mg. per cubic meter, 
or three times the MAC. 

Mercury (MAC=0.1 mg. per cubic 
meter ).—I. Benning ™ of the Ohio Depart- 
ment of Health reported on mercury intox- 
ication in a plant where copper wires were 
cemented into carbon blocks by tamping 
with a copper amalgam compound. The air 
concentration varied from 0.20 to 0.75 mg. 
of mercury per cubic meter or from 2 to 
7.5 times the MAC. The plant population 
was about 35; but a total of 96 people were 
studied including people who had worked 
in the plant as far back as 1947. The com- 
monest symptom reported was “sore mouth,” 
a condition which involved puffed gums and 
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loosened teeth, and was experienced by 36 
people. Of these 22 had tremors or 
“shakes”; others had difficulty in writing 
and personality changes. Three cases of 
nephritis were diagnosed. 

II. Spiegl,* of the University of 
Rochester, reported a literature search on 
“The Industrial Hygiene and Toxicology 
of Mercury,” citing 81 references. The most 
comprehensive study discussed was _per- 
formed by the Public Health Service and 
reported by Neal et al.’* in Public Health 
Service Bulletin 263. This study covered 
511 people, and the per cent incidence of 
mercurialism was summarized in the fol- 
lowing table: 

Years of Exposure 


Exposure, r ~ 

Mg/Cu. M. 0-9 10-19 20 &over 
0.0-0.7 

Borderline 5.6% 10.0% 0% 

Definite case 0 0 0 
0.08-0.15 

Borderline 7.9 9.7 5.0 

Definite case 1.3 6.5 10.0 
0.16-0.23 

Borderline 10.0 12.5 14.3 

Definite case 3.8 17.5 23.4 
0.24 and over 

Borderline 16.7 3.7 42 

Definite case 6.7 14.8 54.2 


Other authors cited by Spiegl also report 
cases at air concentrations of the order of 
the MAC and below. 

Uranium (MAC=0.078 mg. per cubic 
meter ).—Twenty Plant 2 Loaders were ex- 
posed to an average of 3.5 mg of “soluble” 
uranium per cubic meter (over 40 times 
the MAC) for many months and showed 
no clinical symptoms and 
urinary findings. 

Fourteen Plant 1 Loaders were exposed 
to milligram per cubic meter levels of “in- 
soluble” uranium for many months and 
showed no clinical symptoms. 


inconclusive 
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II. A Study of Mortality in Firemen of a City Fire Department 


E. MASTROMATTEO, M.D., D.P.H., Toronto, Canada 


Purpose of Study 


A study of mortality was undertaken 
covering the period 1921 to 1953 in a large 
city fire department. The purpose was to 
find out whether firemen, when compared 
with other men of similar age groups, ex- 
perienced any difference in mortality, 
particularly from cardiovascular causes, 
respiratory causes, tuberculosis, and acci- 
dents and violence. 

It had been suggested by some authors }? 
that occupational hazards exist fire- 
fighting which cause an excess of death 
from certain causes, more particularly from 
cardiovascular diseases. 


Method of Study 


1. Population Group Under Study.—All 
firemen with the city department under study 
were, with very few exceptions, enrolled as 
members of a special superannuation and 
benefit fund, which had been in existence 
since 1891. All active firemen and all pen- 
sioners were entered in the register. Each 
man accepted into the service has been en- 
rolled and certain information recorded. 
For this reason, the fund register afforded a 
complete and readily available record of the 
active and pensioned members of the depart- 
ment. 

The information recorded in the register 
included fund number, full name, date of 
birth, date of entry into the service, date of 
dismissal, date of resignation without pen- 
sion, date of service pension award, date of 
disability pension award, rank on retirement, 
date of death while a serving member or 
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while on pension, length of service, and last 
known address of each member. 


From April 1, 1918, to April 1, 1954, 
there were 1,500 active firemen enrolled. 
During this same period 332 pensioners 
were enrolled. Terminations through either 
voluntary resignation or dismissal numbered 
325, which represented more than one-fifth 
of those enrolled as active firemen. These 
men were lost from observation. In the 
great majority of cases, however, these 
terminations occurred within a few years of 
enrollment. For the purpose of this study 
the experience of these men was included 
for the years during which they were active 
fire-fighters. 


The study population was based upon the 
number of active and pensioned firemen on 
April 1 of each year. Table 1 shows the 
total number of persons, by age group, on 
this date for the years 1921 to 1953 in- 
clusive. This amounted to 25,918 man-years 
of experience. 


2. Observed Deaths in Study Group.— 
From 1921 to 1953, there were 271 deaths 
among active and pensioned firemen. In each 
case the original death certificate was ex- 
amined. Coding for the recorded cause of 
death was in accordance with the current 
revision of the International Statistical 
Classification. In cases where there was 
doubt as to the proper coding, assistance was 
obtained from the staff of the Registrar- 
General for Ontario, who had experience 
with coding practice for the last four revi- 
sions. Some of the deaths occurred outside 
the Province of Ontario. These were traced 
with the help of the appropriate provincial 
and state agencies concerned. Only four 
deaths in pensioners could not be traced. 
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Taste 1.—Number of Active and Pensioned City Department Firemen by Age Group 
on April 1 of Each Year, 1921-1953 


Age Group, Yr. 


40-49 


53 
61 


1953 


50-59 


* Source; Superannuation and Benefit Fund, City Fire Department. 


One death occurred in a firemen while on 
leave-of-absence for military duty. This 
death was excluded from the study. 

3. Comparison with Ontario Men.— 
The observed deaths from certain causes 
were compared with those which would have 
been expected using Ontario male death 
rates for similar age groups and covering 
the same period. The Ontario rates were 
obtained from the School of Hygiene in 
Toronto for the following causes of death: 
cardiovascular-renal diseases, cancer and 
other malignant tumors, violence and ac- 
cidents, respiratory diseases, tuberculosis 
(all forms), diseases of the digestive sys- 
tem, diseases of the genitourinary system, 
and for all causes. These rates when ap- 
plied by year to the population group under 
study gave the expected number of deaths 
from specified causes from 1921 to 1953. 


56/228 


4. Comparison with City 
ferences exist in mortality between urban 


Men.—Dif- 
and rural residents. The firemen under 
study were all city residents. It was neces- 
sary, therefore, to compare the observed 
mortality with that expected using city male 
death rates. Age-specific rates for city males 
were not readily obtainable from the 
Registrar-General’s Annual Reports for 
Ontario, These were calculated by me. Male 
population figures by age group were 
available for the census years 1931, 1941, 
1951, and 1956. Estimates of the male 
population by age group were made for the 
intervening years. Deaths in men by age 
groups from selected causes were obtained 
from the city vital statistics records. Since 
deaths prior to 1937 were not allocated to 
place of residence, city death rates before 
this time were not reliable. For this reason 
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Year 20-29 30-39 iz iz 60-69 70 & Over Total | 
1921 322 161 | 45 27 9 617 . 
1922 306 177 44 29 9 626 se 
1923 290 192 59 46 33 10 630 za 
1924 269 208 61 50 31 4 633 5 
1925 245 243 63 52 31 14 648 : 
1926 211 270 68 55 31 14 649 ai 
‘ 1927 167 297 81 57 26 20 648 a 
1928 166 310 100 52 30 21 679 
1929 144 331 109 50 35 20 689 ‘ 
1930 94 356 127 49 38 18 682 
1931 x9 356 154 48 38 18 702 & 
1932 88 348 167 53 39 21 716 : 
; 1933 90 330 180 54 43 23 720 
1934 94 307 196 Bt 46 23 722 
1935 90 277 226 59 45 26 723 a 
1936 88 247 249 65 50 27 726 ae 
1937 82 218 278 73 46, 28 725 
1938 75 201 292 89 40 30 727 ; 
1939 64 171 307 100 34 33 709 ; 
1940 67 146 321 118 45 31 718 ; 
; 1941 70 129 319 137 30 29 714 
. 1942 86 128 270 152 31 28 695 
1943 98 127 251 160 37 26 699 re 
1944 89 137 259 185 40 27 736 ae 
1945 93 135 234 208 39 23 732 
oS 1946 189 138 219 219 50 26 S41 a 
: 1947 318 141 187 246 57 24 973 
: 1948 360 131 173 248 70 26 1,008 ue 
1949 358 128 146 253 80 23 
g 1950 347 147 127 272 95 19 1,007 
f 1951 307 217 114 278 109 19 1,044 
? 1952 258 256 116 262 118 23 1,033 
is || 226 295 117 253 123 25 1,039 
i 
i 
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comparison with city men covered the 
shorter period 1937 to 1953. 

In arriving at city male death rates the 
same age groups and the same codings for 
the causes of death were used as with the 
Ontario men. Using the number of deaths 
and the population data, age-specific death 
rates for city men were derived for 
cardiovascular-renal diseases, cancer and 
other malignant tumors, violence and ac- 
cidents, respiratory diseases, tuberculosis 
(all forms), and for all causes. These 
rates when applied by year to the firemen 
under study gave the expected number of 
deaths from the specified causes during the 
period 1937 to 1953. Interesting differences 
were noted between Ontario and city male 
death rates, but a discussion of these lies 
outside the scope of this article. 


Results 

1. Comparison with Ontario Men.—The 
observed and expected numbers of deaths in 
active and pensioned city firemen from cer- 
tain causes for the period 1921 to 1953 are 
shown in Table 2. The expected deaths 
were based on age-specific Ontario male 
rates. The differences between the observed 
and expected deaths from specified causes 
were subjected to a standard statistical test 
of significance. The probability (P) of some 
of the differences is shown. 
TaBLe 2—Number of Deaths for Selected Causes 


Among City Department Firemen, Active and 
Pensioned, 1921-1953 


Significance 


No. Deaths of Difference 
Probability 
Cause of Death Observed Expected * (P) 
Cardiovascular-renal 
diseases 157 lll P<0.001 
Cancer & other malignant 
tumors 34 30 
Violence & accidents 26 28 
Digestive diseases 18 14 
Respiratory diseases 8 19 P<0.05 
Tuberculosis (all forms) 4 13 P<0.05 
Genitourinary diseases 6 4 
All other causes 17 +t 26 
All causes 270 t 245 


* Based on Ontario male death rates for similar causes and 
age groups, 1921-1953. 

+t Includes four deaths for which cause was not found; f ex- 
cludes one death on military service. 
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With Ontario men as the comparison the 
observations shown in Table 2 may be in- 
terpreted as follows: 

1. City firemen show a highly significant 
excess in deaths from cardiovascular-renal 
diseases. 

2. City firemen show a probably signifi- 
cant defect in deaths from respiratory dis- 
eases. 

3. City firemen show a probably signifi- 
cant defect in deaths from all forms of 
tuberculosis. 

4. City firemen show no significant dif- 
ference in the number of deaths from 
cancer, violence and accidents, digestive 
diseases, genitourinary diseases, and from 
all causes. 

2. Comparison with City Men.—The ob- 
served and expected numbers of deaths in 
active and pensioned city firemen from cer- 
tain causes for the period 1937 to 1953 are 
shown in Table 3. The expected deaths were 
based on age-specific city male rates. The 
differences between the observed and ex- 
pected number of deaths from specified 
causes were subjected to the same statistical 
test as in Table 2. The probability of some 
of these differences is shown. 

With city men as the camparison the 
observations shown in Table 3 may be in- 
terpreted as follows: 

1. City firemen show a highly significant 
excess in deaths from cardiovascular-renal 
diseases. 

2. City firemen show a probably signifi- 
cant defect in deaths from all forms of 
tuberculosis. 

3. City firemen show a significant excess 
in deaths from all causes. 

4. City firemen show no significant dif- 
ference in the number of deaths from 
cancer, violence and accidents, and respira- 
tory diseases. 


Comment 


The results obtained in this study in- 
dicate that certain statistically significant 
differences in mortality exist when city 
firemen are compared with Ontario men and 
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Among City Department Firemen, Active and 
Pensioned, 1937-1953 


TaBLe 3.—Number of Deaths for Selected Causes 


Significance 
of Difference 
Probability 
Observed Expected * (P) 


No. Deaths 


Cause of Death 


Cardiovascular-renal 


diseases 126 93 P<0.001 
Cancer & other malignant 

tumors 26 27 
Violence & accidents 19 13 
Respiratory diseases 4 10 
Tuberculosis 1 6 P<0.05 
All other causes 27 +t 22 
All causes 203 ¢ 171 P<0.05 


* Based on city male death rates for similar causes and age 
groups, 1937-1953. 

+ Includes four deaths for which cause was not found; { ex- 
cludes one death on military service. 


also when compared with city men. Com- 
parison with city men is the more valid 
comparison. 

1. Cardiovascular-Renal Diseases—Ac- 
tive and pensioned city firemen together 
showed a highly significant excess in deaths 
from cardiovascular-renal diseases. It is of 
interest to speculate on the possible causes 
for this. These include : 

(1) Statistical bias 

(2) Chance variation 

(3) Occupational factors 

(4) Selection factors 

(5) Nonoccupational factors 

(6) Combination of factors 

1. Statistical Bias: Bias may have been 
introduced in the statistical treatment of 
this study. For example, firemen who were 
dismissed or who resigned before reaching 
a pensionable status were treated in a 
special way. Their years in the fire- 
fighting service were included in the study, 
but when they left the service, their ex- 
perience was lost. These persons, however, 
were in the younger age groups, where the 
incidence of cardiovascular-renal disease is 
much lower. They spent only a short time 
in the fire-fighting service. 

Other factors which may have introduced 
statistical bias are the grouping of active and 
pensioned firemen into one study popula- 
tion, the use of cause-of-death categories 
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which were too broad, the use of too large 
an age spread in the 70 and over persons, 
and the use of specially calculated city rates. 

In general, the procedures followed were 
those commonly used in such investigations. 
Serious statistical bias does not exist. 

2. Chance Variation: The excess of ob- 
served over expected cardiovascular-renal 
deaths was so large (P<.001) that it cannot 
be attributed to chance variation. The ex- 
cess is of the same order whether compari- 
son was made with city men or with all men 
in the province. The excess is undoubtedly 
real. 

3. Occupational Factors: Occupational 
factors, which have been said to be of im- 
portance in the causation or aggravation of 
cardiovascular-renal disease in firemen, 
include periods of sudden, unexpected stren- 
uous or even violent physical exertion alter- 
nating with periods of low activity; 
exposure to smokes, vapors, gases, and other 
products of combustion, with or without 
oxygen lack; emotional stresses and strains; 
extremes of heat and cold; irregularity in 
rest and in eating, and trauma and shock 
from burns and accidents. 


Firemen are frequently subjected to 
asphyxia of varying severity. For this rea- 
son exposures involving oxygen-lack with 
or without carbon monoxide have been 
strongly suspected as causing heart disease 
in firemen. Anoxia is known to produce 
electrocardiographic changes in man and in 
experimental animals. These reflect the 
direct effect of anoxia upon the myocardium. 
Oxygen-lack has also produced acute 
coronary insufficiency in both man and 
animal.* 

Carbon monoxide in sufficient amount 
produces an oxygen-want in tissues, which 
in the presence of underlying heart disease 
may proceed, according to Kroetz,* to 
coronary occlusion. Postmortem myocardial 
changes and electrocardiographic changes 
have been reported in cases of carbon 
monoxide poisoning. For example, Beck 
and Suter,® in 1938, reported on 136 per- 
sons who were intermittently exposed to 
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carbon monoxide over varying periods. They 
found myocardial changes frequently mani- 
fested, and they described cases of coronary 
occlusion as a development of carbon 
monoxide poisoning. In general, episodes of 
coronary disease following carbon monoxide 
exposure are attributable to existing heart 
disease. There has been considerable 
controversy as to whether exposure to low 
concentrations of carbon monoxide for long 
periods of time can produce permanent in- 
jury. Hunter® dismissed chronic carbon 
monoxide poisoning as a disease entity. 
This is the view held by most industrial 
toxicologists. 

From previous investigation, there ap- 
pears to be no proof that any of the other 
occupational factors listed above can in 
themselves cause cardiovascular disease. 
The currently popular hypothesis for the 
pathogenesis of arteriosclerotic heart disease 
(the commest form of cardiovascular dis- 
ease) is that it is a disturbance of lipid 
metabolism. This, in turn, results from a 
high intake of saturated fats or from too 
high a caloric intake for the amount of 
physical activity undertaken by the person. 
There is, however, no doubt that these oc- 
cupational factors may aggravate existing 
cardiovascular disease. 

4. Selection Factors: City firemen are a 
specially selected group of men. Their 
physical selection standards are rigid. Under 
existirig standards, successful applicants 
must be 20 to 26 years of age, at least 5 ft. 
8 in. in height (5 ft. 9 in. until after 1945), 
150 Ib. or more in weight, of muscular build, 
and physically fit. Selection on the basis of 
body build is particularly important. Persons 
of sturdy muscular development are desired 
because of the nature of the fire-fighting 
service. 

Spain and his associates * found that “of 
38 consecutive deaths from coronary heart 
disease, 24 were dominant mesomorphs, 
three were dominant ectomorphs, three were 
dominant endomorphs, and eight were a 
mixed somatotype.” Gertler and White § 
compared 97 young coronary patients with 
146 controls. They found that the endo- 
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morphic mesomorphs were predominant in 
the coronary group (42.2% compared to 
19.8% of controls). 

In addition to the selection of applicants 
for the fire-fighting service on the basis of 
physical fitness and build, there is a personal 
selection by persons for work of this type. 
Gertler and White remarked that “the 
mesomorph enjoys participation in danger- 
ous and strenuous undertakings.” Certain 
persons, owing to temperament, may be in- 
clined to seek work as firemen. 

Unfortunately, in this study, somatotype 
classification of a representative group of 
these firemen was not done. It is obvious, 
however, from the physical requirements 
that the mesomorphic build prevails in this 
occupational group. 

5. Nonoccupational Factors: Overeating 
with resultant overweight, according to life 
insurance studies, is associated with an in- 
creased incidence of cardiovascular mortal- 
ity. In 1958, I conducted a further survey 
of all active firemen in the city department. 
Weight, height, and age were recorded for 
each. The average weight of city firemen 
was greater than that for Canadian men of 
similar height and age group. Nearly 20% 
of the 1,157 firemen in this survey were 20 
lb. or more heavier than the average weight 
of all Canadian men of similar height and 
age group.® A considerable number of over- 
weight persons were found in the particular 
group under study. 

Other nonoccupational factors, such as the 
amount of regular exercise, the smoking 
habits, and a family history of cardio- 
vascular disease, were not assessed. 

6. Combination of Factors: The excess of 
cardiovascular-renal mortality in this group 
is best explained by a combination of 
factors. In the first place there has been a 
physical selection of the applicants, which 
favors the many sturdier persons of good 
muscle build. Secondly, many persons be- 
come overweight in the service. Thirdly, 
there are a variety of occupational factors 
which exert strain upon the cardiovascular 
system. These latter, although they do not 
actually cause the disease, aggravate it. They 
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TABLE 4.—Number of Deaths from All Causes and from Cardiovascular-Renal 
Diseases by Age Group Among City Department Firemen, Active and 
Pensioned, 1937-1953 


All Causes Cardiovascular- Renal Diseases 


Expected * Observed Expected * 


P<0.05 


P<0.05 


* Based on city male death rates for similar causes and age groups, 1937-1953. 


t Includes four deaths for which cause not found. 


can cause cardiac emergencies in persons 
with cardiovascular disease. In other words, 
occupational factors, such as _ strenuous 
physical activity alternating with periods of 
little activity, intermittent and varying 
degrees of asphyxia, and emotional strain, 
are not tolerated well by persons with 
existing cardiovascular disease. This is 


shown when the expected number of 
cardiovascular-renal deaths was compared 
with the observed number by age group 


(Table 4). The age group 50 to 59 showed 
the greatest excess of such deaths. In this 
age group are likely to be found the greatest 
number of persons with cardiovascular 
systems that react unfavorably to strenuous 
physical exertion or to bouts of asphyxia. 

2. Tuberculosis—The defect in deaths 
from tuberculosis (all forms) is readily ex- 
plained on the basis of selection of firemen 
and on their close medical supervision. 

3. Respiratory Diseases.—Despite the 
respiratory hazards of the fire-fighting 
service, city firemen show a reduction in 
respiratory deaths. This can also be ex- 
plained on the basis of their medical selec- 
tion and supervision. 

4. Violence and Accidents —No signifi- 
cant difference is found in the number of 
deaths from this cause in city firemen. 
Although accidents are commoner in fire- 
men, mortality from this cause is not ex- 
cessive. 

5. Cancer and Other Malignant Tumors. 

City firemen show no increase or decrease 
in the number of deaths from cancer. 


60/232 


6. All Causes—The number of deaths 
from all causes in city firemen is in excess 
of that expected on the basis of city male 
death rates. This excess is significant, and 
it is caused by the excess in cardiovascular- 
renal deaths. When deaths from all causes 
are examined by age group (Table 4) it 
is shown that firemen have a more favorable 
mortality experience until the 40 to 49 age 
group. After this, an excess occurs which 
is most significant in the 60 to 69 age group. 

Summary and Conclusions 

In a study of city firemen covering the 
period 1921 to 1953, the number of the 
deaths observed from certain causes was 
compared with that expected using Ontario 
death rates for men of similar age groups 
and for the same period. This comparison 
revealed a highly significant excess of car- 
diovascular-renal deaths among city firemen, 
with a reduction in respiratory and tubercu- 
losis deaths. There was no significant dif- 
ference in the mortality from all causes, 
from cancer, from violence and accidents, 
from digestive diseases, from genitourinary 
diseases, or from all other causes. 

Because of the known mortality differ- 
ences in urban as opposed to rural residence 
comparison was made also with city men 
or similar age groups for the period 1937 
to 1953. This latter comparison confirmed 
the highly significant excess of cardiovas- 
cular-renal deaths. In addition, there was 
an excess of deaths from all causes which 
was statistically significant. The reduction 
in deaths from tuberculosis was probably 
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3 Age Group, Yr. Observed P 

6 7 3 2 
4 28 24 13 10 
65 53 45 29 P<0.01 
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significant. The defect from respiratory 
deaths and the excess of deaths from vio- 
lence and accidents were not statistically 
significant. There was no significant differ- 
ence in deaths from cancer or in deaths 
from all other causes. 

Possible explanations for these observed 
differences are discussed. In the case of 
cardiovascular-renal deaths the excess is 
best explained as the result of a combination 
of factors involving the selection of certain 
physical types for this work, the increase 
in overweight in this group, the lack of 
regular physical activity, and the subjection 
of these persons to occupational conditions 
that impose strain on the cardiovascular 
system. Although occupational factors do 
not, in themselves, cause cardiovascular- 
renal disease, they may aggravate any such 
existing disease. The excess of these deaths 
in the 50 to 59 age group is the most 
marked, and possible explanations for this 
also are included. 

The reduced mortality from tuberculosis 
and from respiratory diseases may be ex- 
plained on the basis of careful medical 
selection and supervision of city firemen. 


Room 5412, Parliament Buildings. 
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Toxicology of a Triaryl Phosphate Oil 


I. Experimental Toxicology 


HARRY M. CARPENTER, M.D.; DONALD J. JENDEN, M.D.; N. RAPHAEL SHULMAN, M.D., and 


JAMES R. TUREMAN, M.D., Bethesda, Md. 


The association between triorthocresy] 
phosphate (TOCP) and motor paralysis 
was first suggested by Smith and Elvove? 
after an outbreak which proved to be due 
to consumption of fluid extract of ginger 
contaminated with TOCP. Since that time 
numerous reports have been published in 
which similar toxic effects were described 
following exposure to this compound. The 
subject has acquired added interest from the 
increasing industrial use of triaryl phosphate 
oils as lubricants and hydraulic fluids and 
from similar clinical effects which have been 
observed following exposure to the anticho- 
linesterase bis-(monoisopropylamino) fluo- 
rophosphine oxide (Mipafox).?:* 

The present report is concerned with an 
experimental evaluation of the toxicity of 
a triaryl phosphate oil proposed for use in 
hydraulic systems on aircraft carriers. The 
results of a clinical study of personnel ex- 
posed under operational conditions in a trial 
installation will be reported in a subsequent 
paper. 

The term tricresyl phosphate (TCP) has 
generally been used rather loosely to describe 
triaryl phosphate preparations which may 
contain, as the material under study does, a 
mixture of triphenyl phosphate, tricresyl 
phosphates, trixylenyl phosphates, and trial- 
kylphenyl phosphates. Each of these com- 
ponents has several stereoisomers which 
may differ considerably in their toxicity, so 
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that the total number of compounds in a 
given preparation may be very large. The 
toxicity of TCP preparations has generally 
been related to their TOCP content; until 
recently this was the only compound of this 
type known to possess a significant degree 
of toxicity. However, Hine et al.* have 
shown that triaryl phosphate containing only 
one or two orthocresol moieties possess tox- 
icity of the same order, and the discrepancy 
between the experimental toxicity of a TCP 
preparation and its orthocresol content,5 
found also in the present study, suggests 
strongly that there are other components of 
equal or greater activity. 

The typical paralysis which develops in 
chickens after the administration of TOCP 
has been found to be associated with de- 
myelinization in the spinal cord, cerebellum, 
and peripheral nerves,** but this has not 
been a constant finding. Similar demye- 
lination and paralysis have been produced 
in chickens with the irreversible anticholin- 
esterases diisopropyl fluorophosphate (DFP) 
and_ bis-(monoisopropylamino) fluorophos- 
phine oxide,® and since TOCP itself is 
capable of inhibiting cholinesterase both in 
vivo and in vitro®™ inhibition of cholin- 
esterase has been implicated as a possible 
etiological factor in the paralysis. However, 
since there is no correlation 
between anticholinesterase activity and neuro- 
paralytic activity,*? this may be a coinci- 
dental phenomenon. It may be noted that 
Aldridge '* adduced evidence that the lower- 
ing of cholinesterase levels after TOCP 
administration in vivo is not due to TOCP 
itself but to a metabolic product. This is 
consistent with the finding of Friess “ that 
no in vitro inhibition of cholinesterase by 
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the material presently reported on occurs 
even on prolonged incubation. Nevertheless, 
blood cholinesterase levels may serve as a 
useful measure of the extent of absorption 
of the toxic material © and have been used 
for this purpose in the present work. 


Methods 


Experimental Animals—New Hampshire Red 
hens weighing 2-3 kg. were fed grain and water 
ad libitum and housed in batches of 24. Approxi- 
mately one week was allowed for acclimatization 
and observation before the experiment was started. 

New Zealand White rabbits were caged in- 
dividually and fed Rockland Rabbit Ration and 
water. Initial weights were 2-4 kg. 

Mongrel dogs weighing 8-18 kg. were housed 
in room with an outdoor run and fed Dietrich 
and Gambrill Standard Dog Food and ™% Ib. 
horse meat per day. 

Mice of both sexes were of the NMRI strain 
and weighed 18-22 gm. They were fed Rockland 
Mouse Diet and water ad libitum. Weanling rats 
of Wistar strain with initial weights of 50-70 
gm. were fed Rockland Complete Rat Diet and 
water ad libitum. 

Materials —The material under study is a mix- 
ture of phosphate esters of cresols, xylenols, and 
other alkylphenols. In view of the known toxicity 
of esters containing the orthocresol moiety, the 
orthocresol content of the crude cresylic acid 
mixture prior to esterification is kept below 1.5% 
of the total. It is a clear, oily liquid with a slight 
odor; some of its chemical specifications are listed 
in Table 1. It will be referred to throughout this 
paper as TCP-1. 

All the TCP used in this study was from a 
single production batch; in view of variation in 
the source of crude cresylic acid used in its prep- 
aration, the toxicity of a series of production 
batches was compared with that of TOCP in 
chickens; the technique and results are of interest 
in suggesting the desirability of this type of pro- 
duction control and will be reported subsequently. 

TOCP of 99% or greater purity was supplied 
by the Celanese Corporation of America through 
Mr. David D. Hecht. 


TaBLe 1—Characteristics of TCP-1 Used in the 
Current Study 


Ester value 
Boiling point at 10 mm. Hg 509-545 F 
Loss on heating to 100 C for 6 hr. <O.1% 
Hydrolysis in boiling water for 16 hr. Trace 
Solubility in water at 25 C 0.0003 % 
Solubility of water in TCP-1 at 25 C 0.35% 
Specific gravity at 20 C 1.145 
Pour point —5 F 
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Cholinesterase Estimations.—Blood was collected 
from the ear vein of rabbits by puncturing the 
vein with a scalpel point and allowing approxi- 
mately 0.5 ml. to drip into a small vessel containing 
2 mg. of potassium oxalate. After thorough 
mixing, 0.3 ml. was transferred to a breaker con- 
taining 10 ml. of isotonic sodium chloride and 
thermostatically controlled at 25 C. After the 
addition of 0.5 ml. of 3.33 M acetylcholine chloride, 
the pH was allowed to iall to 7.4. It was main- 
tained at 7.4 by the addition of 0.013 N sodium 
hydroxide from a microburet, with use of a Beck- 
man GS pH meter for the titration. The buret 
reading was noted at intervals of 1 minute for 
15 minutes, the amount of base added was plotted 
against time, and the slope was estimated visually. 
Cholinesterase activity was expressed as micro- 
moles of acetylcholine hydrolyzed per milliliter 
of blood per hour. 


A similar technique was used in the case of 
dogs, except that the blood was collected directly 
from a 20-gauge needle inserted into a vein. 


Whole chicken brains were removed at autopsy, 
weighed, and homogenized with 10 ml. of isotonic 
sodium chloride. An aliquot was transferred to 
the reaction breaker and the procedure continued 
as in the case of blood. The results were then 
expressed as micromoles of acetylcholine hydro- 
lyzed per gram of tissue per hour. 


Hematology.—Standard technique was employed 
in making white cell and differential counts. Two 
pipets and two chambers were used for each count 
and the results averaged. Platelets were counted 
by the method described by Brecher and Cronkite.” 
Hematocrits were performed with use of heparin- 
ized capillary tubes. One end of the tube was 
heat-sealed, and the tube was centrifuged in a 
capillary centrifuge as 12,500 rpm for five minutes. 
Blood for these procedures was taken directly 
from a 20-gauge needle inserted into a vein. 


Pathology.—Autopsies were performed soon 
after the animals were killed or died, with the 
exception of a few animals that died during the 
night. In the latter case, the longest interval be- 
tween death and autopsy was six hours. The brain, 
spinal cord, and one sciatic nerve were removed 
from each animal. These were fixed at 10% 
neutral buffered formalin. In addition, the follow- 
ing sections were taken from _ representative 
animals: thyroid, adrenal, testicle, heart, lung, 
esophagus, stomach, small and large intestine, liver, 
pancreas, spleen, kidney, urinary bladder, skin, 
thymus, and skeletal muscle from the abdominal 
wall and thigh. The tissues were processed, trim- 
med, and embedded in paraffin. Sections were taken 
at 6u and stained with hematoxylin and eosin. 
Sections of the nervous system were taken at 
15 and 25 and stained for myelin by the Weil- 
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Weigert technique. Frozen sections of the spinal 
cords were also stained with Sudan IV. 

Administration of Test Material_—Chickens were 
treated by oral administration in all experiments. 
A polyethylene tube was attached to a syringe 
and passed into the lower esophagus, where the 
appropriate dose was injected. Where necessary, 
the test material was diluted with olive oil, which 
did not appear to influence the absorption or 
toxicity. 

Rabbits were treated by four routes of adminis- 
tration: subcutaneous, percutaneous, oral, and by 
inhalation. Subcutaneous injections of the undi- 
luted material were made in the interscapular 
region. For percutaneous administration, the rab- 
bits were clipped and the remaining hair was 
removed from the trunk with the depilatory Nair. 
This was removed by thorough washing, and the 
rabbits were left for one week before the experi- 
ment was started to enable the skin to recover 
from any irritation. A 4X4 in. gauze pad soaked 
with TCP-1 was applied to the skin of the back, 
covered with a sheet of polyethylene, and secured 
in place with a bandage. At the end of the test 
period of one, two, or four hours, the gauze pad 
was removed and the skin rinsed thoroughly 
with ethanol to remove the excess test material. 
The skin was then thoroughly dried by warm air 
from a hair drier. Ethanol was used to remove 
the remaining material rather than washing with 
detergent solution, since the latter may increase 
the toxicity of TCP applied to the skin® 

The test material was administered to rabbits 
per os by passing a polyethylene tube into the 
stomach. The concentration in olive oil was ad- 
justed to make the total volume approximately 
5 ml. Control animals received 5 ml. of olive oil 
only. 

The vapor pressure of TCP-1 at room tempera- 
ture is negligible, and an aerosol was therefore 
used for the inhalation experiments. The aerosol 
was generated by a device developed by Laskin,” 
which throws a jet of air across an orifice through 
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which the test material is drawn by suction and 
broken up by the jet. The walls of the flask 
containing the generator serve as an impinger and 
remove the particles of larger diameter. The 
aerosol so generated cannot be varied in concen- 
tration except by subsequent dilution, but its 
strength depends to some extent on the temperature, 
probably owing to viscosity changes in the TCP-1. 
The mass median diameter of the particles is 0.84- 
1.04. The output from the aerosol generator was 
conducted directly into the exposure chamber 
(Fig. 1), which was constructed according to a 
design suggested by Dr. E. D. Palmes, of New 
York University, with the object of minimizing 
skin contact. It consists essentially of four rabbit 
boxes with holes in the top through which the 
heads protrude; a sliding lid allows the rabbit to 
be placed in position, and a foam rubber gasket 
around the neck prevents diffusion of the aerosol 
out through the rabbit boxes. A plastic roof fits 
over the four rabbit heads, and a tight seal is 
obtained with a rubber gasket. The aerosol is 
pumped in on one side of the plastic chamber 
continuously and is exhausted through a larger 
opening on the other side. A small fan mounted 
in the center of the roof produces sufficient 
turbulence to ensure even mixing. A third opening 
permits a glass tube to be inserted for air sampling. 
The wooden surface of the rabbit boxes was 
covered with a paint known to be resistant to 
TCP-1. 

The volume of the plastic exposure chamber was 
28 liters, and the rate of flow of aerosol into the 
chamber was 22 liters per minute, so that the half 
time for the replacement of air was approximately 
80 seconds. A steady concentration was therefore 
achieved in a few minutes. 

Analysis of Air Samples—A chain of two 
midget impingers containing 1 ml. of concentrated 
sulfuric acid or about 5 ml. of absolute ethanol 
served as an effective collection device at a sampling 
rate of about 2 liters per minute (approximately 
Yo cu. ft. per minute). The results of this method 
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Fig. 1—Semidiagram- 


matic sketch of apparatus 


used for exposure of rab- 
bits to aerosol by inhala- 
tion. 
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of collection were checked against a series of bub- 
blers containing 25-50 ml. of absolute ethanol. Air 
volumes were determined using a wet test meter 
which had been calibrated in position between the 
sampler and the pump. 

The sulfuric acid samples were placed on an 
electric heater and digested in the Kjeldahl fash- 
ion using phosphate-free 30% hydrogen peroxide 
as a clarifying agent. The alcohol bubblers were 
boiled to dryness on the Kjeldahl rack after the 
addition of five drops of saturated alcoholic po- 
tassium hydroxide. The residue was then digested 
with 1 ml. of concentrated sulfuric acid as above. 

To the clarified digest containing originally 1 ml. 
of concentrated sulfuric acid there was added 
with caution exactly 15 ml. of 10% aqueous sodium 
sulfite, and the resulting solution was heated to 
boiling for one minute. Without cooling, 50 ml. 
of a solution of 0.5% ammonium molybdate and 
0.015% hydrazine sulfate in 3 N sulfuric acid was 
added, and the mixture was placed in a boiling 
water bath for 40 minutes. The flask was then 
cooled under a water tap, and the absorption of 
580 my was determined and compared to standards 
prepared from weighed inorganic phosphate and 
TCP-1 samples. The molybdate solution must be 
stored in a refrigerator and should not be used 
longer than four or five days. 


Results 


Chickens.—Chickens have been shown to 
be closely similar to man in the manner in 
which they react to TOCP, and they are 
also very sensitive to it.1* They were there- 
fore used in this study to determine whether 
TCP-1 has the characteristic toxicity asso- 
ciated with TOCP and, if so, to express the 
toxicity in terms of a TOCP equivalent. 
The fowl were procured in batches of 24 
and divided arbitrarily into groups of four. 
After an initial period of observation, each 
group received a different dose of TCP-1 
or TOCP, diluted if necessary with olive 
oil. This dose was repeated five times on 
successive days, and thereafter each bird 
was examined individually every day. To 
avoid subjective interpretation, the extent 
of the weakness was graded without prior 
knowledge of the group to which the 
chicken belonged. 

The typical effects began after a latent 
period of 8-10 days and increased for the 
entire period of observation (up to 3 weeks 
after the last dose). Weakness of the legs 
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first made itself apparent by a high stepping 
gait and twisting of the claws on walking 
or particularly running. This developed 
into obvious ankle weakness, with ataxia, 
difficulty in perching, and eventually the 
phenomenon of “walking on the ankles.” 
Wing weakness developed more or less con- 
currently in most chickens and was first 
observed by holding the bird with its wings 
free, and lowering it rapidly. The force of 
the wing beat was then estimated. The 
response to dropping the bird from a height 
of about 4 ft. was found useful in evalu- 
ating both wing and ankle weakness but was 
not practiced when weakness was severe 
enough for a fall to cause injury. In the 
more. severe grades of paralysis, walking 
became impossible and death inevitably 
followed; probably starvation played the 
predominant role at this stage. Severe 
dyspnea and a blue discoloration of the 
comb were characteristic in the later stages 
and generally preceded death by a day or 
two. 

No qualitative difference was observed 
between the effects of TPC-1 and TOCP; 
the distribution of the weakness and the 
rate of onset were identical. 

In order to arrive at some quantitative 
comparison of the paralytic activity of 
TCP-1 and TOCP, an arbitrary points sys- 
tem was used for grading the effects on the 
following basis: 

Leg weakness without complete 

paralysis of ankles 

“Walking on ankles” 

Unable to walk 

Wing weakness without wing drop 

Wing drop 

Moribund or dead 8 
Half-points were used for unilateral or 
questionable effects. 

Figure 2 illustrates the rate of develop- 
ment of weakness in two groups of four 
chickens, one of which received 300 mg. of 
TOCP per kilogram and the other received 
four times the dose of TCP-1. The points 
were pooled for all the chickens in each 
group. 

In Figure 3, the degree of paralysis in 
several groups of four chickens each 16 
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Fig. 2—Comparison of rate of onset of paraly- 
sis in two groups of chickens which received total 
doses of 1,200 mg. per kilogram TCP-1 and 300 
mg. per kilogram triorthocresyl phosphate, respec- 
tively. 


days after the first dose is plotted against 
the logarithm of the total dose. Both TOCP 
and TCP-1 give results which are adequate- 
ly represented by parallel straight lines; 
the horizontal distance between these lines 
is therefore the logarithm of the activity 
ratio. By this method, the TOCP activity 
of TCP-1 in chickens is 21%, a figure at 
variance with the stated chemical composi- 
tion of TCP-1 if all the activity is due to 
TOCP. 

Brain cholinesterase showed no signifi- 
cant differences between dose levels and 
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© Triorthocresy! Phosphate 
@ 


AT 16 DAYS 


DEGREE OF PARALYSIS (POINTS) 


400 1000-2000 4000 
TOTAL DOSE mg/Kg 

_ Fig. 3.—Dose-effect curves for the paralytic ac- 

tions of TCP-1 and triorthocresyl phosphate on 


chickens, 18 days after the first of five daily doses. 


controls in chickens receiving either TCP-1 
or TOCP. 

Rabbits.—Rabbits were used to compare 
the toxicity of TCP-1 by various routes of 
administration. The qualitative effects by 
different routes were found to vary only 
little; in general, they were explainable on 
the basis of chronic cholinesterase inhibi- 
tion. Although individual rabbits did not 
necessarily show all the following signs, the 
composite picture consisted of diarrhea, ex- 
cessive salivation and mucous discharge 
from the nose, lacrimation, and pupillary 


TaBLeE 2.—Summary of Results on Rabbits Receiving TCP-1 Subcutaneously * 


Mean ChE 
During Ist 
Wk. of 
Exposure, % 


Last ChE 
Before 
Death, % 


Daily Total 
Dose, Dose, 
Mg/Kg. Gm/Kg. 


Rabbit 
No. 


7 73 10 360 
8 68 26 360 


ll 
28 
12 
23 


162 54K 
139 54 K 


6.48 18 
13.68 38 


Survival 
Time, 
Days 


Remarks 


Died after sudden generalized weakness of 24 hr. duration 

Weakness of hind limbs developed on 32d day & rapidly 
spread; killed on 38th day; unable to move, reflexes absent, 
unconscious, no response to painful sensation; severe 
diarrhea, mucous discharge from mouth & nose, lac- 
rimation, pupillary constriction 

Died of typical anticholinesterase poisoning, with profuse 
diarrhea, salivation, rhinorrhea, lacrimation, muscular 
fibrillation & weakness, pupillary constriction & in- 


Remained in good health throughout 


constant changes in reflexes 


* Cholinesterase levels are expressed as percentages of mean during control week. 


+ K indicates killed on day indicated. 
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constriction, all beginning after a few days. 
Fibrillation of skeletal muscles, weakness, 
and clonic generalized response to a patellar 
tap were generally apparent a little later. 
In some animals, particularly those surviv- 
ing more than a week or two, individual 
muscle groups showed marked weakness, 
notably the extensor muscles of the neck 
and hind limbs. Dyspnea was marked short- 
ly before death, and coarse rales were often 
audible. Death was generally preceded by 
a period of complete collapse lasting 12-48 
hours, in which the animal was unable to 
get up, and starvation and dehydration un- 
doubtedly played a part in the animal’s 
death. Blood cholinesterase was invariably 
below its control level after the administra- 
tion of a toxic amount, but the precise 
level bore but a crude relation to the in- 
tensity of the physical effects. 

Eight rabbits were used in each of four 
groups which were subjected to TCP-1 by 
subcutaneous injection, skin application, 
oral administration, and inhalation. In each 
group, two rabbits were kept as controls and 
the remaining six were equally distributed 
between three dosage levels. Tables 2, 3, 
4, and 5 summarize the results obtained. 
Subcutaneous injections in the intercapsular 
region were given daily, weekends included. 
It was considered that by this route com- 


TRIARYL PHOSPHATE OIL—TOXICOLOGY 


TaBLe 5.—Summary of Results on Rabbits Given TCP-1 Orally * 


plete absorption would be achieved and that 
the results would therefore give some indi- 
cation of the efficiency of absorption by 
other routes. However, all the animals, par- 
ticularly those receiving the highest dose, 
developed hard subcutaneous lumps which 
at autopsy proved to be sterile abscesses, 
and, although none of the injected material 
was visible, it is probable that absorption 
was slow and possibly incomplete. The total 
dose required to cause death in this experi- 
ment was a little higher at the higher dose 
level, which may reflect either less efficient 
absorption in these rabbits or a latent period 
before the full effect is felt. Nevertheless, 
the total dose was sufficiently consistent to 
suggest strongly a cumulative effect. Blood 
cholinesterase levels fell progressively while 
the daily injections were given (Fig. 4) 
and had attained a uniformly low level at 
the time of death. All the physical effects 
on these rabbits are consistent with a simple 
anticholinesterase action with the possible 
exception of No. 8, which developed a de- 
layed hind limb weakness strongly reminis- 
cent of the extensor paralysis of the legs 
observed in chickens. This also has been 
described in chronic anticholinesterase poi- 
soning, but whether it is due to this specific 
cause or to a concomitant TOCP-like action 
per se is open to question. 


Mean ChE 
During Ist Last ChE Daily Total Survival 
Rabbit WK. of Before Dose, Dose, Time, 
No. Exposure,%t Death,% Meg/Kg. Gm/Kg. Days t Remarks 


1D 63 35 120 1.44 

2D 87 A 96 120 0.72 6 
3D 64 38 240 2.88 

4D 55 A 55 240 0.48 2 
5D 73 A 82 480 2.88 6K 
6D 47 A 46 480 14 3 
7D 105 89 0 

§D 70 ? 0 0 


“4K 


In good health except for moderate diarrhea throughout 

Severe diarrhea started after 1 day; profuse secretions from 
nose & mouth which tended to collect in the pharynx; 
lacrimation 

In good health throughout except for mild diarrhea 

Died after 2 days of intense diarrhea; terminal weakness 
& dyspnea 

Moderate diarrhea & secretion of mucus from nose & mouth; 
head drop & weakness of forelegs after 5 days; collapsed, 
dyspneic, & obviously moribund when killed on 6th day 

Severe diarrhea & secretion of mucus from nose & mouth 

Some excessive mucus in throat; otherwise in good health 
when killed 

Some excessive mucus in throat; otherwise in good healtb 

when killed 
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* Cholinesterase levels are expressed as percentages of mean during control week. 
+ A indicates died before end of first week; K, killed on day indicated. 
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Robbit #7 
Subcutaneous Doily 


Fig. 4.—Blood cholin- 
esterase level in a repre- 
sentative rabbit receiving 
subcutaneous TCP-1. 


0 5 10 15 
DAYS 

Qualitatively, the effects produced by 
skin exposure (Table 3) were very similar; 
the time course differed in several ways. 
This group of rabbits was exposed on only 
five days each week, and an opportunity 
was thus afforded for partial or complete 


recovery of the cholinesterase level during 
week ends. The cholinesterase levels showed 
a tendency to recover prior to the week end, 


Fig. 5.—Blood cholin- 
esterase level and record 
of exposure in a repre- 
sentative rabbit receiving 
TCP-1 by inhalation. 


Blood Cholinesterase Activity p£M/mi hr. 


20 25 


however; in the first week five of the six 
exposed rabbits reached a minimum level 
on the fourth day and in spite of continued 
exposure showed some recovery on the fifth 
day. A similar phenomenon was observed 
with rabbits exposed to an aerosol and is 
illustrated in Figure 5. The very significant 
rise (averaging 28% in this group) in blood 
cholinesterase which occurred during the 
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first week end after exposure was started 
may have been due to the temporary cessa- 
tion of treatment but apparently might have 
occurred even if treatment had been con- 
tinuous. 

With the exception of No. 1B, all the 
animals survived for over five weeks. This 
rabbit died during the first week end pause 
in treatment, having developed severe and 
persistent diarrhea after a precipitous fall 
in blood cholinesterase which showed no 
tendency to recover. For the most part, the 
other animals in this group showed chronic 
low-grade diarrhea until an acute collapse 
immediately preceding death or the termina- 
tion of the experiment. One rabbit (2B) 
developed a hind limb weakness similar to 
No. 8 in the subcutaneous group, except 
that it was asymmetrical. Comparison with 
the results of subcutaneous administration 
leads to the tentative and very approximate 
conclusion that 4 hours of skin exposure 
daily for five days a week is equivalent to 
about 360 mg. per kilogram per day sub- 
cutaneously and has similar qualitative ef- 
fects. 

Inhalation of aerosols of TCP-1 proved 
to be remarkably ineffective, in view of the 
efficiency and rapidity with which materials 
are usually absorbed by this route (Table 4). 
The two lower exposure levels resulted in 
no discernible toxic effects except mild and 
temporary tachypnea, which may well have 
been due to anxiety and the mechanical 
effects of prolonged confinement in the 
exposure chamber. Only one rabbit was 
severely affected at the highest exposure 
level, and the effects were indistinguishable 
from those resulting from subcutaneous or 
percutaneous administration. Blood cholin- 
esterase levels fell more or less uniformly 
during the first week but rapidly rose again 
to approach the control level. This rise be- 
gan before the first week end in three of the 
six exposed animals, as in the previous 
group. 

In contrast to the other three routes 
tested, oral administration produced much 
more immediate and severe effects. 


It can 
be seen from Table 5 that the total dose 
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required to cause death is of the order of 
10%-20% of an equiactive series of sub- 
cutaneous injections; again, the total dose 
given before death supervened was inde- 
pendent of the daily dose, confirming the 
cumulative nature of the effects. The ob- 
served actions were similar to those seen 
after administration by other routes, but 
diarrhea appeared earlier and was more 
severe and of mucus from the 
nose and mouth was much more noticeable. 
Neither of these differences are remarkable 
in view of the possibility of a local effect, 
and the second was probably due in part to 
irritation from the daily passage of a stom- 
ach tube. It may be significant, however, 
that the blood cholinesterase levels did not 
fall as rapidly or as far as in the other 
groups in spite of the greater intensity of 
physiological effects; the two rabbits show- 
ing the greatest fall were in fact those which 
survived the longest (3D and 1D). This 
must mean that if the animals died from 
inhibition of cholinesterase, then the blood 
cholinesterase levels are not a good indica- 


secretion 


tion of the degree of poisoning, and it seems 
possible that gastrointestinal effects result- 
ing from a local action not reflected in the 
blood cholinesterase may have been pri- 
marily responsible for death. The much 
higher toxicity associated with the oral route 
of administration also suggests the possibil- 
ity of bacterial conversion of one or more 
constituents of TCP into 


a more toxic 


compound. 


Dogs.—Twelve dogs were divided into 


groups of four, each group receiving a 
different dose level of TCP-1. This was 
given subcutaneously in the loose skin of the 
flank on four to five days every week until 
a total of 20 injections was received. Blood 
counts and blood cholinesterase determina- 
tions were made approximately twice week- 
ly, and the dogs were regularly examined 
for evidence of toxic reactions. After one 
or two weeks it became evident that the 
injected material was not being completely 
absorbed in the dogs receiving the highest 
doses and large fluctuant lumps began to 
appear in the flanks and gravitate to the 
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abdomen. These broke down and began to 
drain after about three weeks, and injec- 
tions were discontinued in all dogs. Sterile 
abscesses had been produced in some rabbits 
by subcutaneous injections, but none had 
broken down and there was no evidence of 
unabsorbed material at autopsy, although 
the total dose was as high as 5 gm. per day. 
In some dogs, however, very large amounts 
of unabsorbed oil were seen at autopsy, and 


that most of these were attributable to the 
TCP-1 itself. 

Diarrhea was seen quite regularly during 
administration of TCP-1 and was most se- 
vere at the highest dose level. Dogs receiv- 
ing 100 mg. per kilogram per day showed 
no other ill effects of any consequence until 
well after the last dose had been given, and 
there was no evidence of any significant 
infective process. Three of the four dogs 


it is possible that these animals reabsorbed 
some orally by licking the wound. 

In these circumstances, infection inevi- 
tably supervened in some dogs and undoubt- 
edly played a part in accelerating death; 
this was also reflected in changes in the 
cellular elements of the blood. However, 
the similarity between the effects produced 
in dogs and those seen in rabbits indicates 


receiving 200 mg. per kilogram per day 
were similarly unaffected, but the latent pe- 
riod was shorter. The usual picture then 
consisted of a sudden onset of vomiting, 
weakness, and acute dyspnea, generally com- 
ing on after a meal. Labored respiration 


was associated with large quantities of 
frothy material, coming from the mouth in 
some dogs, and coarse palpable rales were 


TABLE 6.—Summary of Results on Dogs Exposed to TCP-1 by 
Subcutaneous Injection * 


Mean Rate 
of Fall of 
Blood ChE 
During Ist 
4 Wk., 
%/ Day 


Daily Total 
Dose, Dose, 
Me/Kg. Gm/Kg. 


Dog No. Remarks 


3,208 Active & well until day of death; acute dyspnea after a meal, with frothing 
from mouth & nose; killed when obviously moribund 

Died during night without previous signs of illness; autopsy showed acute 
hemorrhagic bronchopneumonia 

Active & well until 39th day, then became weak, especially hindlimbs; 
developed persistent vomiting until death 6 days later 

Active & well until 42d day, when weakness of hindlimbs & unsteady 
gait were noticed; rapid progression to complete hindlimb paralysis by 
49th day, with paradoxical respiration & weakness of forelimbs; severe 
dyspnea in warm weather & after meals, with intermittent vomiting, 
playful, good appetite & disposition; signs of slight improvement by 
62d day 

No marked effects until a few days before death, then repeated vomiting; 
died during night; blood & froth caked on nostrils 

No marked effects until a few days before death; then vomiting; collapsed 
with extreme dyspnea, moribund when killed 

Active & well until 26th day; became lethargic, stopped eating; marked 
salivation, later persistent vomiting 

Draining abscess & large localized abscess in abdominal wall; intermittent 
vomiting 

Draining abscess; persistent vomiting & diarrhea; weakness & lassitude 
but no well-defined paralysis 

Draining abscess; persistent vomiting & diarrhea; ataxia, weakness, 
especially neck, & circling movements from 28th day; hyperpnea & 
collapse 31st day; moribund when killed 32d day 

Extensive draining abscesses; vomiting and diarrhea; increasing weakness 
& ataxia from 17th day; marked foreleg weakness on 29th day 

Draining abscess in abdominal wall; vomiting & diarrhea; weakness of 
forelimbs & ataxia from 26th day; persistent dyspnea from 3lst day; 
severe weakness of all limbs 37th day 


3,237 
3,338 45 


3,313 Still alive 


at 120 days 


* Cholinesterase levels are expressed as percentages of mean during control week. 
t K indicates killed on day indicated. 
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present. Marked cyanosis and slight bleed- 
ing from the nose completed a picture high- 
ly suggestive of acute congestive heart 
failure. Two dogs died without any warn- 
ing before the day of death (3208 and 
3237), one of them with this syndrome, the 
other unobserved at the time of death; more 
commonly there was an interval of a few 
days in which persistent vomiting was asso- 
ciated with loss of appetite, dyspnea, and, 
in one instance, marked salivation. Most 
of these dogs died during the night and 
were reported by the animal keeper as dying 
in the same way, with extreme difficulty in 
respiration, collapse, and frothing from the 
mouth. 

Three dogs (3338, 3313, and 3278) 
showed signs which might be attributable 


to neurotoxic actions. These were charac- 


terized most clearly in No. 3313, which 
after six weeks of apparently good health 
rapidly developed complete paralysis of the 
hind legs, paradoxical respiration presum- 
ably indicating intercostal paralysis, and 


some weakness of the trunk and forelegs. 
Throughout the entire experiment this ani- 
mal appeared to be in the best of health 
with this exception; the vomiting which was 
observed can probably be explained as the 
effect of his diaphragmatic respiration on a 
full stomach. At the time of writing (120th 
day), the weakness is slowly disappearing. 

Interpretation of the blood picture was 
complicated in several dogs by the results 
of infection. The only consistent finding 
was a shift to the left in polymorphonuclear 
leukocytes which occurred in every dog, 
beginning about five days after treatment 
was started and disappearing in those ani- 
mals which survived more than one to two 
weeks after the end of treatment. Since 
this occurred in dogs with no evidence of 
infection and disappeared when administra- 
tion was discontinued, it was presumably 
the result of TCP-1 itself. In those animals 
with extensive draining abscesses, a leuko- 
cytosis and an increase in the platelet count 
were observed; others with well-localized 
and probably sterile abscesses showed no 
leukocytosis. In some animals there was 
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a marked terminal leukocytosis without evi- 
dence of local infection (Fig. 6), which may 
have been induced by severe vomiting or 
terminal pulmonary infection. Hemocon- 
centration from vomiting and diarrhea was 
sometimes apparent in the hematocrit read- 
ing. 

Rats and Mice.—Rats and mice are re- 
sistant to A few experiments 
were done to determine whether equal re- 
sistance was shown to TCP-1. Groups of 
10 mice were given daily subcutaneous in- 
jections of TCP-1 in doses up to 2.5 gm. 
per kilogram for five days. No ill effects 
were observed in the ensuing two weeks, 
after which the animals were killed. 

Eighteen weanling rats were placed on a 
regular diet containing 2% TCP-1. Within 
four days all the animals had died or were 
killed in a moribund state. Most had con- 
sumed none or a negligible amount of food, 
and the autopsy findings were consistent 
with death from starvation. Refusal to eat 
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Fig. 6.—Summary of hematological findings on 
Dog. 3293, which received 20 subcutaneous injec- 
tions of 200 mg. TCP-1 per kilogram. 
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food containing TCP has been previously 
described in regard to dogs,’® but it is in- 
teresting that a starving rat will shun food 
containing TCP-1 altogether. It was not 
considered that the outcome of this experi- 
ment was determined in any way by the 
inherent toxicity of TCP-1, and no attempt 
was made to repeat it, in view of the known 
insensitivity of this species. 

Pathology.—Chickens: Sections from the 
central and peripheral nervous systems were 
completely devoid of inflammatory, degen- 
erative, and/or demyelinating lesions. Nerve 
cells were completely free of pyknosis, vac- 
uolation, chromatolysis, and neuronophagia. 
There was no reactive gliosis. The fiber 
tracts were intact, well defined, and indis- 
tinguishable from control sections. 

Dogs: Sections from the central and pe- 
ripheral nervous systems were similarly 


unremarkable. Lung sections from five dogs 
demonstrated in every instance moderate to 
marked acute hemorrhagic bronchopneu- 


monia (Fig. 7). In the one animal that had 
been dead approximately six hours prior to 
autopsy, the pulmonary changes resembled 
aspiration pneumonia. The possibility that 
this picture was due to autolysis could not 
be excluded. In the remaining four dogs, 
the pathogenesis of the pulmonary lesions 
appeared to be acute pulmonary congestion 
(Fig. 8), edema, hemorrhage, necrosis, and 
exudation. The bronchial mucosa was free 
of necrotizing and inflammatory changes. 
Most of the sections were taken some dis- 
tance from the bronchial tree, but one sec- 
tion of a major bronchus exhibited cystic 
dilatation of the submucosal _ bronchial 
glands. The livers from every case showed 
evidence of acute passive congestion as 
manifested by venous congestion, dissocia- 
tion of the cords, and vacuolation of the 
hepatic cells. 

Additional interesting findings included 
some degree of degeneration of the semi- 
niferous tubules of three out of four tes- 


Fig. 7—Lung section from dog 
that received TCP-1, 0.5 ml. per 
kilogram for 20 days. Hematoxylin 
and eosin stain; x 204. 
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Fig. 8—Lung from dog that re- 
ceived TCP-1, 0.1 ml. per kilo- 
gram for 20 days. Hematoxylin 
and eosin stain; X 204. 


Fig. 9—Testicle from dog that 
received TCP-1, 0.2 ml. per kilo- 
gram for 20 days. Hematoxylin 
and eosin stain; 204. 
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ticles sectioned (Fig. 9). This picture 
consisted of focal loss of all spermatic 
elements except the spermatogonia associ- 
ated with collections of “giant” cells in the 
lumina. The interstitial cells of Leydig 
were free of changes. 

Sections of the gastric mucosa were avail- 
able from two animals, and these exhibited 
focal areas of cystic dilatation of the mu- 
cosal glands. Several of the dogs had mod- 
erate pyelonephritis, a not unusual finding 
in this species. The adrenal cortex was 
examined in two cases, and one exhibited 
nodular hyperplasia. Muscle sections were 
available from three animals; these sections 
were taken from the thigh and abdominal 
areas. Discrete muscle bundles exhibited 
evidence of early degenerative changes as 
manifested by pyknosis, loss of striations, 
and hyalinization of the sarcoplasm (Fig. 
10). There were no areas of necrosis, pro- 
liferation, or exudation. The myocardium 
from selected cases was unrevealing. 
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Rabbits : Multiple sections from all groups 
were free of lesions in the central and 
peripheral nervous systems. The animals 
that were exposed to the aerosol showed 
only minimal degrees of pulmonary atelec- 
tasis. The animals subjected to skin expo- 
sure were unremarkable in every respect. 
The animals given TCP-1 by the oral route 
demonstrated pulmonary atelectasis and 
acute bronchopneumonia. Several animals 
exhibited changes suggestive of early mus- 
cular and testicular degeneration, but these 
were not definite enough to be conclusive. 
One control rabbit had focal areas of myo- 
carditis, and one control muscle section 
contained sarcosporidia. Several rabbit 
livers from control and experimental groups 
contained areas of coccidiomycosis. 


Rats: Multiple sections were unremark- 
able except for changes consistent with 
There were no lesions in the 
central or peripheral nervous system. 


starvation. 


Fig. 10—Thigh muscle from dog 
that received TCP-1, 0.2 ml. per 
kilogram for 20 days. Hematoxylin 
and eosin stain; & 204. 
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Comment 


From the results presented, the toxic 
effects of TCP-1 appear to be almost 
indistinguishable from those described for 
TOCP ® and various preparations of TCP.® 
These effects consist broadly of paralytic 
phenomena, especially evident in chickens; 
actions attributable to cholinesterase inhibi- 
tion, which are seen to some extent in all 
sensitive species, and primary cardiorespira- 
tory effects. The last do not appear to have 
been described before in normal animals 
exposed to TCP but were evident particu- 
larly in dogs and, in a less well-defined 
form, in some rabbits. The marked species 
variation in sensitivity which is a feature 
of TOCP was also observed with TCP-1, 
mice being particularly resistant. 

TCP-1 is stated by the manufacturers to 
be made from a cresylic acid mixture con- 
taining less than 1.5% orthocresol. Assum- 
ing a random attachment of the aryl group 
to the phosphate moiety, the resulting mix- 
ture of triaryl phosphates should contain 
less than 0.00034% triorthocresyl phosphate. 
It is evident that the toxicity of TCP-1 is 
not likely to be due to this component alone. 
Hine and his coworkers* have recently 
shown that the presence of one orthocresyl 
group in the triaryl phosphate molecule is 
enough to confer paralytic activity on it, 
and, again assuming random attachment, the 
final triaryl phosphate mixture should con- 
tain less than 4.5% of components in which 
the orthocresyl group occurs. This is still 
only one-fifth of the TOCP equivalent of 
TCP-1 as assayed on chickens, and it must 
be concluded that there are other compounds 
present in TCP-1 which either have signifi- 
cant paralytic activity of their own or are 
capable of potentiating markedly the toxic 
effects of TOCP. It may be noted that this 
property is not restricted to TCP-1 and 
that other TCP preparations which have 
been examined have shown a toxicity ex- 
ceeding that which would be expected from 
the orthocresol content. 

With the exception of the oral route, the 
type of exposure appears to influence the 
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effect in degree only. No local effects of 
any consequence were seen from percuta- 
neous administration or mist inhalation, 
and, although absorption through the skin 
and lungs was very clearly reflected in the 
blood cholinesterase levels and physical 
signs in agreement with previous stud- 
ies,>*.21 the amount of exposure required 
to produce significant physical effects was 
large. In contrast, oral administration was 
5-10 times as toxic as subcutaneous injec- 
tion, and, in view of the lack of correlation 
between physical effects and blood cholin- 
esterase, it seems probable that a direct local 
effect on the gastrointestinal tract played a 
significant role in the fatal outcome. 

Paralysis was consistently observed in 
chickens if the dose was sufficient, and one 
dog developed the hind leg paralysis de- 
scribed as typical of TOCP poisoning in 
this series." One other dog had begun 
to develop identical physical effects when he 
died from other causes. It should be pointed 
out that the latent period for this effect is 
as much as six weeks in dogs ™ and that 
only 4 of the 12 dogs survived for this 
length of time. It is very possible that 
paralysis would have been more frequently 
observed had not intercurrent illness of 
another type terminated the experiment. 
Well-marked weakness of the limbs or neck 
extensors was seen in 4 of the 24 rabbits 
exposed by various routes, in 3 of which 
there was a prolonged latent period. The 
same argument may explain the relatively 
infrequent occurrence of paralytic effects in 
this species. 

The relation between paralytic effects and 
demyelination is of considerable interest. 
Previous studies ®* describing TOCP poi- 
soning have illustrated demyelination by the 
Marchi stain. Sections of the nervous sys- 
tem were also stained by the Weil-Weigert 
technique, but the degree of demyelination 
was so slight as to be undemonstrable by 
this method. This raises serious question 
as to the functional significance of the 
changes. The cytological changes involving 
nerve cells per se, as described by Smith 
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and Lillie,® lend credence to the theory that 
the central nervous system lesion produces 
the paralysis. These neuronal changes, 
however, have been variable and often ab- 
sent. The nerve cells throughout the central 
nervous system were indistinguishable from 
controls in the present investigation. In 
addition, sections stained by the Weil- 
Weigert methods and with Sudan IV were 
completely free of demyelination. The nega- 
tive results with the latter stain substantiate 
the impression that early minimal demye- 
lination was not present.?* 

The elusive role played by cholinesterase 
inhibition in the pathogenesis of the toxic 
effects remains in doubt. Many of the 
physical effects seen are without question 
the direct result of cholinesterase inhibition, 
which was reflected in an invariable lower- 
ing of blood cholinesterase levels. However, 
TCP-1 has no permanent effect in vitro on 
cholinesterase from various sources.'4 In 
contrast, pure TOCP has been shown to 
inhibit cholinesterase both in vitro and in 
vivo.*'* The lack of correlation between 
paralytic activity and anticholinesterase ac- 
tivity in a series of aromatic esters* and 
the relative rarity of well-defined paralytic 
actions of the above type in the most power- 
ful irreversible anticholinesterases lead to 
the conclusion that if anticholinesterase 


activity plays an important part in generat- 
ing a paralytic syndrome the molecule must 
possess some other, as yet unknown, attri- 


bute in addition. It is also possible that 
biotransformation must occur before the 
compound becomes active; perhaps bacterial 
transformation in the gastrointestinal tract 
explains the much greater toxicity of TCP-1 
by the oral route. 

The most striking effect seen in dogs was 
the acute syndrome clinically recognizable 
as acute congestive heart failure. The path- 
ological finding of acute hemorrhagic bron- 
chopneumonia in all dogs autopsied is 
consistent with this, although the order of 
cause and effect cannot be stated with cer- 
tainty. This syndrome was _ remarkably 
constant in the dogs seen at the time of 
death, and its etiology is of some interest. 
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Its incidence was not related to the presence 
or absence of obvious infective processes or 
paralysis and never occurred less than 31 
days after the injections started. TOCP 
and TCP-1 do not contain free fatty acids, 
nor are they easily hydrolyzed. The im- 
pression that the pulmonary findings are not 
the result of intratracheal administration of 
these compounds is therefore consistent 
with previously reported studies.2* Although 
paresis of the respiratory muscles or larynx 
could conceivably have resulted in this syn- 
drome, by causing atelectasis or aspiration 
pneumonia, respectively, there was no evi- 
dence for this, and TOCP paralysis involv- 
ing these muscles primarily has not been 
described. 

The finding of testicular atrophy in three 
of four dogs studied, together with hemor- 
rhagic bronchopneumonia and muscular 
effects, suggested the possibility that inter- 
ference with vitamin E metabolism might 
be responsible for many of the toxic effects 
observed with TCP. Vitamin E deficiency 
has been reported to result in testicular 
atrophy,”* bronchopneumonia,”> acute myo- 
cardial failure,2® muscular weakness and 
paralysis affecting primarily the hind legs,?* 
and even demyelination in the spinal cord *8 
and lowering of tissue cholinesterase 
levels.2® This suggestive correlation is 
strengthened by the fact that a phenolic 
ring with a methyl group in the ortho posi- 
tion appears to be a feature of tocols pos- 
sessing vitamin FE activity *°** as well as 
compounds with paralytic activity of the 
TOCP type. Both types of compound are 
also lipid soluble. Although the bewilder- 
ing array of conditions attributed to vita- 
min E deficiency breeds scepticism of 
further conjecture, one is tempted to the 
hypothesis that TOCP and compounds with 
similar activity may owe this to an inter- 
ference with vitamin EF utilization. Atten- 
tion has previously been drawn to this 
analogy,”® and evidence of a direct antag- 
onism between vitamin E and TOCP has 
been presented in regard to weight gain in 
young animals, the hemolysis test for vita- 
min E deficiency,** and fatal TOCP toxicity 
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of unspecified cause.**** The induction of 
functional deficiencies of other fat-soluble 
vitamins is another possibility which might 
be suggested; in particular, the incidental 
observation of epithelial damage in the 
stomach and bronchi and the rather striking 
susceptibility of the dogs to infection are 
reminiscent of avitaminosis A. It may be 
observed that this is not inconsistent with 
a primary effect upon vitamin FE metabo- 
lism 86 and that the somewhat prolonged 
latent period characteristic of TCP toxicity 
may find its explanation in induced func- 
tional deficiencies of this type. 


Summary and Conclusions 

The toxic effects of a triaryl phosphate 
oil (TCP-1) were studied on repeated ad- 
ministration to chickens, rabbits, and dogs. 

The effects produced were similar to 
those described after triorthocresyl phos- 
phate, but a much larger dose was necessary 
to elicit them. Paralytic effects were ob- 
served in all three species but were pre- 
dominant in chickens; actions attributable 
to inhibition of cholinesterase were most 
marked in rabbits; dogs frequently devel- 
oped, in addition, a syndrome interpreted as 
acute congestive heart failure. 

Blood cholinesterase levels were consist- 
ently depressed in rabbits and dogs. 

TCP-1 had an activity equivalent to 21% 
triorthocresyl phosphate when assayed 
against pure triorthocresyl phosphate by the 
production of paralysis in chickens. Since 
the cresylic acid from which it was prepared 
is stated to contain less than 1.5% ortho- 
cresol, it was concluded that substances 
must be present which do not contain the 
orthocresol moiety but which either have 
significant paralytic activity of their own or 
markedly potentiate the activity of triortho- 
cresyl phosphate. 

Similar effects were observed in rabbits 
after subcutaneous, percutaneous, and oral 
administration and inhalation of an aerosol. 
The greatest danger would appear to arise 
from ingestion, the lethal dose in rabbits by 
this route being of the order of 1 gm. per 
kilogram. On the other hand, aerosol con- 
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centrations of about 2 mg. per liter were 
tolerated for one to two hours per day for 
three weeks with no physical effects of 
consequence. The total subcutaneous dose 
required to cause death was 10-15 gm. per 
kilogram. Application to 16 sq. in. of skin 
for four hours daily produced about the 
same effect as 360 mg. per kilogram per day 
subcutaneously. 

No local effects were observed after aero- 
sol inhalation or skin application. 

Hematological studies on dogs receiving 
daily subcutaneous injections revealed no 
major changes attributable to the injected 
material. A slight shift to the left was con- 
sistently seen early in the course of admin- 
istration but did not persist. 

The possible mechanisms of action of 
TCP-1 and similar preparations are dis- 
cussed, and it is suggested that interference 
with vitamin E metabolism may play a part. 

Dr. S. Laskin supplied us with an aerosol gen- 
erator, Dr. H. David Baldridge carried out the air 
sampling and TCP determinations, Mr. David 
Hecht supplied us with a sample of pure tri- 
orthocresyl phosphate, and CPO C. E. Knight and 
CPO E. L. Elworth gave technical assistance. 

Navy Medical Research Institute, National 
Naval Medical Center (14). 
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Toxicology of a Triaryl Phosphate Oil 


II. A Quantitative Study of Toxicity in Different Production Batches 


SEYMOUR L. FRIESS, Ph.D.; DONALD J. JENDEN, M.D., and JAMES R. TUREMAN, M.D., Bethesda, Md. 


The delayed paralytic effect of triaryl 
phosphate oils (TCP) has generally been 
considered referable to the triorthocresol 
phosphate (TOCP) contained in them. Ac- 
cordingly, limitation of the orthocresol con- 
tent of the crude cresylic acid used in the 
manufacture of TCP has been followed by 
a notable absence of clinically discernible 
toxic effects..* However, quantitative com- 
parisons of TCP and TOCP toxicity in 
chickens suggest that some other component 
may be of importance, either by its in- 
herent toxicity or by potentiation of the 


toxic effects of TOCP.** 

This study was undertaken to determine 
whether significant variation toxicity 
exists in different production batches of a 
TCP preparation and to evolve a reliable 
and simple method of assaying toxicity for 


control purposes, should this be found 


desirable. 

Chickens are used as a test animal be- 
cause this species shows a sensitivity to 
TOCP which closely approximates that of 
human beings, both qualitatively and quan- 
titatively. 


Methods 


Materials —The TCP used is produced com- 
mercially for lubrication and hydraulic purposes. 
It is stated to be made from cresylic acid contain- 
ing less than 1.5% of the orthocresol component, 
and Carpenter gives a summary of its physical and 
chemical characteristics.* It will be referred to as 
TCP-1. TOCP of 99% or greater purity was sup- 
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plied by the Celanese Corporation of America 
through Mr. David D. Hecht. 

Assay Technique—Two batches of 24 New 
Hampshire Red hens weighing 2-3 kg. were used. 
Grain and water were given ad libitum, and ap- 
proximately one week was allowed for acclimatiza- 
tion and observation before the experiment was 
started. Each batch of 24 was divided into 8 groups 
of 3 animals. Six groups received six different 
batches of TCP-1, one group received triortho- 
cresyl phosphate (TOCP), and one served as a 
control. The TCP-1 batches were numbered N4, 
N5, N6, N7, N8 and N9. 

Five doses of 240 mg. TCP-1 per kilogram were 
given on successive days by passing a polyethylene 
tube into the pharynx and injecting the undiluted 
material. TOCP was given in five daily doses of 
60 mg. per kilogram in 25% solution in olive oil. 
This dose was chosen because Batch N4 has been 
shown* to have a TOCP activity equivalent of 
20%-25% in chickens. 

Each bird was examined individually every day 
thereafter and, to avoid subjective interpretation 
of the extent of the weakness, was graded without 
prior knowledge of the group to which the chicken 
belonged. The effects produced were the same as 
those described before,* and the grading system de- 
scribed in the previous report was used in the 
present study also. 

Infrared Spectra—Infrared (IR) spectra were 
recorded * at two concentration levels in chloro- 
form solution, using a Perkin-Elmer double-beam 
infrared spectrophotometer, Model 21, with a 
sodium chloride prism. Spectra were measured 
over the 2u-13u wave-length region. 


Results 


Toxicity—Table 1 shows the effects ob- 
served 15 days after the first dose of test 
material. The results show marked vari- 
ability not only between different batches 
of TCP-1 but also between different chick- 


*Dr. W. C. Alford and Mr. W. Jones, Micro- 

analytical Laboratories, National Institutes of 
Health, obtained these spectra with their instru- 
ment. 
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TABLE 1.—Weakness of Chickens Fifteen Days After First Dose * 


HEALTH 


Exper. 1 | 


Exper. 2 1 


Total 


N7 


Control 


ens receiving the treatment. An 
analysis of variance was carried out to 
determine whether the variation between 
batches was significant (Table 2). It may 


same 


TABLE 2.—Analysis of Variance for Batch 
Uniformity Test with Use of Effect on 
Day Fifteen 


Sum of Mean 
Source Squares d.f. Square F P 
Between batches 386.952 6 64.492 4.289 <0.01 
Within batches 526.333 35 15.038 
Total 913.285 41 


be remarked that, although the random 
variation in the point score can scarcely 
be normal, since it is truncated at both ends, 
the validity of the analysis of variance de- 
pends on the assumption of normality of 
distribution of the means rather than indi- 
vidual data, an assumption which is 
serious with a sample size as small as 
provided that the variance of the data 
be regarded as uniform. There is no 


not 
six, 
can 


evi- 


* Graded on points system described in Reference 3, except scores are doubled to avoid fractions. 


TaBLe 3.—Analysis of Variance for Batch Uniformity Test with Use of Mean Effect 
Between Day Ten and Day Fifteen’ and Rate of Increase of Paralysis in the 


dence to the contrary in the present case. 
Moreover, the nonparametric H-test ® leads 
to identical qualitative conclusions without 
the assumption of normality. As Table 2 
shows, the variation between batches of 
TCP-1 is significant at the 1% level. 
Scheffe’s method ® was used to examine in- 
dividual contrasts between batches and, if 
possible, to determine which of the batches 
was responsible for this significant varia- 
tion. The only contrasts between individual 
means which were significant by this test 
were between Batch N8 and Batches N4, 
N9, and TOCP. These three comparisons 
were significant at the 1%, 1%, and 5% 
levels, respectively. In agreement with this, 
elimination of Batch N& from the analysis 
of variance reduces the variance ratio to 
2.199, a value which is just short of sig- 
nificance at the 5% level. 

In an attempt to obtain more information 
about the variation between batches, the 
rate of onset of the paralysis between 
Day 10 and Day 15 was used to compare 


Same Time Interval? 


Sum of 
Squares 


Regression 746.041 
Deviations from regression. -- 218.172 
Between 6-day means! 
Between batches we 874.111 
Between slopes? 
Between batches- ----------- 157.861 
200.426 


4,389.472 


Mean Square F 


746.041 


574.5 <<0.001 
145.685 
35 62.653 2.325 —0.05 
6 26.310 
35 5.726 4.595 <0.01 
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chickens and batches. Table 3 shows that 
there is a highly significant linear regression 
of the point score on time. With use of the 
mean effect on each chicken between Day 10 
and Day 15, the variation between batches 
barely reaches significance at the 5% level. 
The rate of onset of the paralysis (i. e., 
regression slope) gave a variance ratio of 
4.595, indicating that the rate of paralysis 
varies significantly more between batches 
than between chickens receiving the same 
treatment. However, since the main source 
of random variation appears to be the sen- 
sitivity of individual chickens (i. e., “With- 
in batch” error in Tables 2 and 3) rather 
than error in observing them (included in 
“Deviations from Regression,” Table 3), 
there seems to be little object in using the 
responses on more than one day in analyz- 
ing the results of routine tests. 

Infrared Spectra.—IR spectra of the six 
batches of TCP-1 and of TOCP are re- 
produced in Figures 1 and 2. Comparison 
of the batch spectra reveals a remarkable 
degree of reproducibility at both concentra- 
tion levels within the region 2y-11.5p. 
Small differences occur in the 11.5y-13y 
interval, but no significant differentiation 
can be made by absorption peaks present 
in some and not in others. In contrast to 
these TCP-1 samples, the spectrum of 
TOCP exhibits many features not common 
to the TCP-1 spectra, particularly in the 
fine structure of the peaks present in the 
6u-10u range. 

These observations imply that the individ- 
ual esters in TCP-1 are enough alike spec- 
troscopically that variation in composition 
from mixture to mixture leads to no ob- 
servable change in the over-all IR charac- 
teristics. TOCP cannot be more than a 
trace component of any of these mixtures, 
however, since its differing spectral charac- 
teristics in the 6y-10n zone would have 
caused significant variations in the batch 
spectra if TOCP were a major component 
and variable in amount. 


Comment 
It is evident from the foregoing data 
that, while successive production batches of 
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TCP-1 may be held within rigid specifica- 
tions as far as their physical and chemical 
characteristics are concerned, the toxicity 
does not remain constant. Although the 
variability in the series of batches studied 
is not statistically significant except in the 
case of Batch N8, it seems likely that a 
more extensive assay would reveal other 
differences. 

The existence of considerable differences 
in toxicity without corresponding differences 
in the physical or chemical properties meas- 
ured suggests that biological testing might 
be desirable for control purposes to minimize 
the exposure hazard in some industrial 
uses. While there is no certainty that toxicity 
in chickens indicates corresponding toxicity 
in human beings, there is a remarkable 
correlation between those pure substances 
which have been shown to possess delayed 
paralytic activity in man and their effective- 
ness in chickens. 

The data presented form a basis which 
could be used to detect and measure this 
type of toxicity as a control procedure with 
any required degree of precision. Since it 
is demonstrated that individual variations 
in sensitivity between chickens limits the 
accuracy of the assay, and there is little to 
be gained from serial observations of the 
development of paralysis, it appears that a 
single observation on or about the 15th day 
after administration is begun is all that is 
required, and the accuracy is determined 
by the number of birds used. It has been 
found* that for TCP-1, the point score 
on day 15 shows a linear regression on 
logio dose, the slope being 11.23, with a 
standard error of 1.47 estimated with 18 
degrees of freedom. A factor of two in the 
activity would therefore be reflected in a 
mean point score difference of 3.38. This 
difference could be reliably detected if, after 
dividing by its estimated standard error, 
the quotient exceeded f at the chosen level 
of significance for the appropriate number 
of degrees of freedom. Using the figure of 
3.88 found for the standard deviation 
of the point score in identically treated 
chickens in the present work, it can be 
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shown that at least 12 chickens must be 
used in each group to detect a twofold 
difference in activity at the 5% level of 
significance. 

No information is available concerning 
the precise chemical composition of each 
batch tested in the present study other 
than that all batches fall within fairly close 
specification limits. However, Batch N8& does 
differ from the others inasmuch as _ the 
cresylic acid from which it was manufac- 
tured came entirely from coal tar sources. 
The cresylic acid mixture in the case of 
the other batches was mainly from petroleum 
sources and only to a minor extent from 
coal tar. It is interesting but perhaps not 
surprising that this batch, which is so dif- 
ferent toxicologically, has an_ infrared 
spectrum virtually identical with that of 
the other batches. We infer either 
that the active material is present in such 
small amount that it not contribute 
significantly to the infrared spectrum of 
TCP-1 or that it has an infrared spectrum 
virtually identical with that of another and 
inactive component of the mixture. In any 


may 


does 


case, it is clear that the variation in activity 
is not due exclusively to variation in the 
orthocresol component, so that chemical con- 
trol of the concentration of this component 
in the final product does not suffice to 
stabilize the toxicity. 


Summary and Conclusions 


Six production batches of a triaryl phos- 
phate oil were compared with pure triortho- 
cresyl phosphate for toxicity in chickens. 

There was statistically significant variation 
between the toxicity of the six batches. 

+ The standard error (sa) of the difference be- 
tween two means of sample size n is given by the 
equation sas 2 where s is the standard devia- 
tion of the individual observations. 

t+ Personal communication from Mr. B. S. Ains- 
worth, of the Celanese Corporation of America. 
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This appeared to be mainly due to one 
batch, which had a toxic activity equivalent 
to more than 25% triorthocresyl phosphate. 

No significant variation in the infrared 
spectra of different batches was observed. 
All differed very considerably from the 
infrared spectrum of triorthocresyl phos- 
phate. 


There is a suggestion that the 


source 
of the cresylic acid mixture used in the 
manufacture of the oil may have a con- 


siderable influence on the toxicity of the 
product, although the physical and chemical 
characteristics are indistinguishable. 

The main source of random variation in 
chicken assays of this type resides in the 
individual sensitivity of chickens rather than 
in observational errors. An improved assay 
technique is suggested for industrial toxicity 
control. 


Naval Medical Research Institute, National 
Naval Medical Center (14). 
REFERENCES 


R., and Kleinfeld, M.: Per- 
sonal communication to the authors, data to be 
published. 

2. Baldridge, H. 


C. E.; Preziosi, T. 


1. Tabershaw, I. 


D.; Jenden, D. J.; Knight, 
J., and Tureman, J. R.: The 
Toxicology of a Triaryl Phosphate Oil: V. Human 
Exposure Under Operational Conditions, Naval 
Medical Research Institute, Research Report 
Project NM 005 024.01.04.15, 701 (Nov. 8) 1957. 

3. Carpenter, H. M.; Jenden, D. J.; Shulman, 
N. R., Tureman, J. R.: Toxicology of a 
Triaryl Phosphate Oil: I. Experimental Toxicol- 
ogy, A.M.A. Arch. Indust. Health, this 
p. 234. 

4. Palmes, E. D., and Nelson, N.: Personal com- 
munication to the authors. 

5. Scheffe. H.: A Method for Judging All Con- 
trasts in the Analysis of Variance, Biometrika 40: 
87, 1953. 

6. Kruskal, W. H., and Wallis, W. A.: 


and 


issue, 


Use of 


Ranks in One Criterion Variance Analysis, J. Am. 
Stat. A. 47 :583, 1952. 

7. Jenden, D. J., and Tureman, J. R.: 
lished data. 


Unpub- 


85/257 


| 


Introduction 

The previous reports in this series 1? 
have been concerned with the experimental 
toxicology of a triaryl phosphate oil (TCP- 
1) proposed for use in hydraulic systems 
aboard aircraft carriers. In view of the 
wide variation in species-sensitivity to toxic 
agents of this type, it is essential to obtain 
some information on human exposure under 
operating conditions. A clinical study of men 
exposed to TCP-1 during its manufacture 
for an average duration of nine years * re- 
vealed no clinical findings attributable to 
TCP, but plasma cholinesterase levels were 
found to be significantly below normal level. 
A study aboard the USS Shangri La (CVS- 
38) under the conditions comparable to this 
study showed plasma cholinesterase levels 
of personnel exposed to TCP-1 were sig- 
nificantly below the control value when 
subjected to statistical analysis by us. 
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The present study was conducted aboard 
the USS Leyte (CVS-32). TCP-1 was in- 
stalled in two aircraft elevator systems dur- 
ing late May and early June, 1956. A third 
elevator system was filled in late June. The 
period of observation included an_ initial 
control period and continued until Septem- 
ber. For the last three months of this 
period, the aircraft elevator systems were 
in normal operational use. Twenty-four men 
were initially chosen for observation, of 
whom sixteen were exposed to TCP-1 and 
eight were controls who performed similar 
work but were not exposed to the fluid. 
Owing to leave and changes of assignment, 
it was not possible to follow the whole num- 
ber for the entire duration of the observa- 
tion period. With this limitation, however, 
serial physical examinations, blood cell 
counts, and blood cholinesterase examina- 
tions were made on each subject for the 
entire period. The timing of these observa- 
tions in relation to the ship’s schedule and 
the probable degree of exposure to TCP-1 
is illustrated in the Figure. In addition, 
concentrations of TCP-1 in the air of the 
elevator machinery spaces were determined 


& MED HISTORY 
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during installation of this hydraulic fluid 
in the aircraft elevator systems and under 
operating conditions during flight quarters 
at sea. 


Methods 


Complete neurological examinations, in addition 
to general physicals and medical histories, were 
taken at the times indicated in the Figure. Par- 
ticular attention was paid to those signs and symp- 
toms which might be expected to result 
significant exposure to TCP-1. 

White blood cell and differential blood cell counts 
were made by standard methods at the times indi- 
cated by the medical department of the USS Leyte. 
Cholinesterase estimations of plasma and red blood 
cells were made by a modification of a micro- 
adaptation of Michel’s electrometric method‘ de- 
scribed by Wolfsie and Winter. 

Air concentrations of TCP-1 were estimated by 
a method described previously* and averaged ap- 
proximately 0.1 ppm. 


from 


Results 
Physical Examinations.—In_ conjunction 
with the study of the possible toxic effects 
of TCP-1 a series of 54 clinical examina- 
tions of personnel exposed to the oil were 
performed. Examinations were undertaken 
on 22 persons on board the USS Leyte 
(CVS-32). A series of three examinations, 
directed to coincide with increasing amounts 
of exposure, were performed at &- to 10- 
week intervals on each subject. The ex- 
aminations included complete history and 
physical examinations and complete neu- 
rological examination on each occasion, with 
particular emphasis upon those signs and 
symptoms previously known to be associated 

with exposure to TCP. 


Plasma 


Limits 


§1.0-125.3 
5-22 96.8 72.9-122.6 
5-12 100.8 87.7-116.3 
5-28 102.3 85.7-123.1 
6-13 96.7 84.6-111.3 
7-24 93.9 §1.5-108.5 
101.4 84.7-122.7 
97.7 83.2-115.3 

Mean 99.0 93.2-105.2 
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Owing to the rapid turnover of personnel 
it was not possible to perform examinations 
on each of the three occasions on the total 
group of personnel selected. Of the 22 per- 
sons remaining, 14 were under varying 
degrees of exposure to the hydraulic fluid 
and 8 were not in any way associated with 
the TCP-1 and served as a control group. 
It was possible to examine five controls 
and seven contacts for the total three ex- 
aminations and two controls and seven 
contacts for two of the three examinations. 
The personnel were all healthy Caucasian 
males. Except for two of the subjects, aged 
33 and 34, the age range varied from 17 
to 24 years. For the purposes of the ex- 
aminations, the examiner was not aware 
which of the personnel were contacts and 
which The 


were scheduled prior to any exposure, fol- 


were controls. examinations 
lowing moderate exposure, and following 
full operational exposure. In the total series 
of 54 examinations, no physical or neu- 
rologic abnormality was encountered and 
no significant systemic or neurologic symp- 
toms were reported. 

Five gave of skin 
sensitivity to gold, copper, dust, heat and 
diesel oil, penicillin, and wools. None of 


patients evidence 


these cases showed any evidence of skin 
sensitivity to TCP-1 under conditions of 
varying degrees of exposure. Several of 
the cases during the full operational period 
developed skin irritations secondary to high 
environmental temperatures. This did not 
seem to be aggravated in any way in degree, 
severity, or duration by exposure to TCP-1. 


Cholinesterase Levels at Times Indicated in the Figure 


Red Blood Cell 
5% Confidence 
Limits 


Exposed 
Control 


29.2 112.5-162.9 
85.1 65.4-114.8 
98.5 86.9-111.7 
114.8 97.9-134.9 
95.9 84.3-109.6 
92.9 82.3-105.1 
103.1 76.3-143.9 
79.1 57.2-109.5 
97.0 91.4-103.0 
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Blood Cholinesterase-—The results of 
plasma and red cell cholinesterase estima- 
tions are summarized in the Table, which 
shows the mean cholinesterase level of the 
exposed group expressed as a percentage of 
the mean cholinesterase level for the control 
group, together with the 5% confidence 
interval for this ratio. It can be seen that 
the only significant difference between con- 
trol and exposed groups occurred in the 
period before exposure began and was pre- 
sumably coincidental. It might be pointed 
out that in a series of 16 independent tests 
of significance at the 5% level there is a 
high probability that one of them will appear 
significant on the basis of random variation 
alone. It can be concluded that exposure 
to TCP-1 under the conditions of this test 
had not adverse effect on plasma or red 
cell cholinesterase levels. 

Blood Counts.—Total white cell and dif- 
ferential blood cell counts were converted 
into absolute counts for neutrophils, lym- 
phocytes, eosinophils, and monocytes. The 
results for each were then evaluated by an 
analysis of variance. In no case was there 
a significant difference between the mean 
count in the controls and the mean count 
in the exposed group. A progressive effect 
on the count during the period of observa- 
tion would be expected to reveal itself in 
the interaction term between groups and 
dates; in no case was this interaction sig- 
nificant. Significant variation was noted be- 
tween subjects in the same group in the 
case of neutrophils and monocytes, and sig- 
nificant variation in counts done on differ- 
ent dates was observed in the case of neu- 
trophils. No other significant effects were 
observed, and it can be concluded that ex- 
posure to TCP-1 under the conditions of 
this test had no_ noticeable 
white cell counts. 

Incidents Involving Exceptional Expos- 
ure.—During the course of the study, cer- 
tain unpredicted events occurred, despite 
adequate precautions, which caused increased 
degrees of exposure and contact. 

On May 15, there was a spillage of 5-10 
gallons of TCP-1 in the after auxiliary 
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machinery space. Nine men were exposed 
on hands, arms, and legs during cleaning 
operations, and the total duration of ex- 
posure was one to two hours, after which 
the exposed areas were completely cleansed 
with soap and water and clothes were 
changed. It is probable that no significant 
exposure by inhalation occurred, since the 
space was fully ventilated (one complete 
exchange every four minutes). During the 
period of installation and testing of the 
elevators, several cases of similar exposure 
were reported on individual persons, with a 
maximum duration of four hours. Two men 
had TCP-1 splashed into their eyes during 
cleaning; it was immediately removed by 
washing, and no difficulty was experienced. 

The incident in which the high degree of 
exposure occurred involved personnel who 
are not primarily involved in this study. 
TCP-1 was inadvertently pumped into one 
of the catapult hydraulic systems, and dur- 
ing cleaning operations after its detection 
14 men were exposed on hands and arms. 
Several men also had their dungarees sat- 
urated with the oil. It was not realized at 
first that there was any danger associated 
with contact with the oil, and 24 hours 
elapsed before the men were directed to 
bathe and put on clean clothes. Blood sam- 
ples were drawn from these men for cho- 
linesterase estimations immediately, and 
these were repeated after an interval of two 
weeks. There was no significant difference 
between these two readings for either red 
cell cholinesterase (t=0.258) or plasma 
cholinesterase (t=1.261), nor were the 
cholinesterase levels immediately after ex- 
posure significantly below the mean cho- 
linesterase levels in the persons primarily 
concerned with this study. These men were 
not subjected to complete physical examina- 
tions but were warned of the possible effect 
of such exposure and instructed to report 
to the medical department of the ship should 
any of these symptoms occur. None were 
reported. 

Medical Surveillance of Shipyard Per- 
sonnel.—A similar but less extensive study 
was made of shipyard personnel engaged in 
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installation of TCP-1 and testing of the 
aircraft elevator systems. Here also the re- 
sults were entirely negative, but in view 
of the minimal nature of exposure and the 
brevity of contact it was not considered 
necessary to report these results in detail. 


Comment 


The results of this study indicate that 
toxic effects from exposure to TCP-1 are 
unlikely to occur under the conditions of 
the study. Although the air concentrations 
were minimal and the hazard from inhala- 
tion was rather remote, moderately exten- 
sive skin contact was observed to occur 
without demonstrable ill effect. However, it 
should be observed that this study was 
conducted under conditions which were in- 
tended to minimize the potential hazard 
(i. e., full ventilation, enforced personal 
hygiene, etce.), and, if the results of this 
study are to be extrapolated to normal 
operating conditions, it is essential that these 
measures should be continued. It must also 


be emphasized that this study was concerned 
solely with TCP-1 and that the results can- 
not be taken to apply to other triaryl phos- 
phate preparations without reservation. 
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IV. A Method for the Quantitative 


Alkylbenzenes in Blood 


> Determination of Benzene and Certain 


DONALD L. GUERTIN, Ph.D., and HORACE W. GERARDE, M.D., Ph.D., Linden, N. J. 


During the course of a systematic study 
of the toxicity and metabolism of the 
monocyclic aromatic hydrocarbons, the need 
arose for a rapid, accurate, and moderately 
sensitive method for the quantitative deter- 
mination of the levels of benzene and 
certain alkyl derivatives of benzene in the 
blood of experimental animals. A number 
of procedures for the determination of 
benzene and toluene have been described 
in the literature.* These procedures are 
time-consuming, since they are based on the 
development of colored compounds formed 
by nitration and subsequent colorimetric 
measurement. The procedure described by 
Mayer,* in which benzene is determined by 
employing ultraviolet absorption spectros- 
copy, should be generally applicable, but 
this method requires a large sample and is 
time-consuming, since two distillations are 
employed. 

The purpose of this report is to describe 
a general method for the determination 
of benzene and certain alkylbenzenes in 
blood. The method, which has been in use 
in our laboratories for about two years, 
involves the extraction of the hydrocarbon 
from blood with cyclohexane. The ultra- 
violet absorption spectrum of the cyclo- 
hexane 


solution is andthe 


concentration of aromatic is determined by 


recorded, 


reference to previously prepared calibration 
curves. 

Received for publication Jan. 2, 1959. 
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Materials and Methods 


A pparatus.—1. Ultraviolet spectrophotom- 
eter, Cary Model 11, equipped with 1 cm. 
cells. Any other ultraviolet spectrophotom- 
eter, the Beckman DU, for example, may be 
used. As a base-line technique is employed, 
it would be necessary to obtain a large 
number of readings with such an instrument. 

2. Clinical Centrifuge, International, with 
four-place head for 15 ml. tubes and at- 
tached trunnion rings, speeds variable up 
to 3,000 rpm. 

Reagents.—1. 0.1 N hydrochloric acid; 
2. cyclohexane, Spectro grade. 

Calibration —1. Prepare primary stand- 
ards by weighing approximately 100 mg. of 
the various aromatics into 50 ml. volumetric 
flasks and diluting to volume with cyclo- 
hexane. Use aliquots of the primary stand- 
ard solutions to prepare four standards 
covering the concentration ranges given in 
Table 1. 

2. Measure the absorbance of each of 
four standard solutions in 1 cm. cells versus 
cyclohexane for each aromatic at the wave 
length indicated in Table 1. In all cases 
measure absorbance from base lines drawn 
as indicated in this Table. 

3. Prepare a curve by plotting absorbance 
versus concentration of aromatics in cyclo- 
hexane (milligrams per milliliter) for each 
aromatic that is to be determined. 

Procedure-—\. Place approximately 35 
ml. of approximately 0.1. N hydrochloric 
acid for each 5 ml. of blood, in a 2-0z. wide- 
mouth bottle. 

2. Deliver 5 ml. of blood, with or without 
anticoagulant, from syringe into the wide- 
mouth bottle. Cap the bottle tightly, and 
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Absorption 


Compound Band, Mu 


n-Propyl benzene 268 
Sec. butyl benzene. 267 
n-Butyl benzene. 268 
272 


invert it several times to allow mixing of 
the blood and acid. 


3. Add 5 ml. of cyclohexane by means 


of a pipet to the hemolyzed blood. Cap 
tightly, and shake the bottle vigorously for 
three to five minutes. 

4. Remove the lower (aqueous) layer 
from the bottle with a 50 ml. syringe which 
has been fitted with a 3-in. No. 15 blunt 
needle. Exercise care not to remove any 
of the cyclohexane layer when the last few 
cubic centimeters of aqueous layer are being 
removed. Tilting the bottle so that the 
liquid collects in one corner and holding 
the bottle up to a light makes it easy to see 
the interface of the two layers. 

5. Pour the cyclohexane layer into a 
15 ml. conical centrifuge tube. Rinse the 
wide-mouth bottle with 2 to 4 ml. of water, 
and add the washings to the centrifuge tube. 
Cap the tube with a tight-fitting cork, and 
centrifuge for five minutes at 3,200 rpm. 


6. Remove the aqueous layer from the 
bottom of the centrifuge tube with a syringe, 
and recentrifuge. 


ABSORBANCE 


BASELINE 


240 260 280 300 
WAVELENGTH, MILLIMICRONS 


Fig. 1.—Ultraviolet spectrum of cyclohexane ex- 


tract of blood containing 48 ppm benzene. 


Guertin—Gerarde 


TABLE 1.—Determination of Aromatics in Blood: Data Necessary for Calibration 


Conc. Range, 


Base Line, Mu Mg/M1. Abs. Range 


240-275 0.023-0.210 0.060-0.550 
240-275 0.046-0.184 0.107-0.442 
230-276 0.039-0.310 0.062-0.541 
230-275 0.016-0.340 0.015.490 
235-285 0.016-0.124 0.090-0.752 
23°-280 0.036-0,284 0.083-0.712 
235-275 0.039-4).308 0.04540 353 


230-275 


245-310 


0.038-0.349 
0.017-4.431 


0.034-0.269 
0.025-0.388 


7. Pour the cyclohexane layer into a 
5 ec. vial, and cap tightly. The sample 
should be refrigerated if its absorption 
spectrum is not obtained immediately. 

8. Rinse the 1 cm. cell used for absorp- 
tion measurements with a small amount of 
sample, and then fill the cell with sample. 
Fill the reference cell with cyclohexane. 
Wipe both cells before inserting in the cell 
compartment, 

9. Record the ultraviolet absorption spec- 
trum of the sample in the region indicated 
in Table 1 
mined. A base line is drawn as indicated 
in this Table, and the 
of aromatic is determined by reference to 


for the aromatic to be deter- 
concentration 


a previously prepared calibration curve. 
Figures 1 and 2 show base lines drawn for 
benzene and p-xylene in cyclohexane ex- 
tracts of blood containing 48 and 26 ppm 
of these hydrocarbons, respectively. 

It is sometimes impossible to draw the 
Table 1 be- 
cause of unusual background absorption. If 


base line which is indicated in 


the background absorption is irregular or 


Guts 


BASE LINE 


24 260 280 
WAVELENGTH, MILLIMICRONS 
Fig. 2.—Ultraviolet spectrum of cyclohexane 
extract of blood containing 26 ppm p-xylene. 


300 
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TABLE 2.—Recovery of Benzene from Blood 
Samples Containing Known Amounts of Benzene 


Conc. of Benzene, PPM 


Added Found 


16 13 
55 52 
100 89 


curved so that a straight base line cannot 
be drawn, a curved base line may have to 
be employed. 

Calculations —1. Find the concentration 
of aromatic in the cyclohexane by reference 
to the appropriate calibration curve. 

2. Calculate the concentration of aromatic 


in blood as follows: 


mg. aromatic/ml. X ml. cyclohexane 
Gus.) ppm aromatic 
Samples are measured by volume for the 


sake of convenience. 


Results 


The accuracy and precision of the method 
have been determined only for the analysis 
of samples containing benzene. Recovery 
of benzene from a number of standard 
samples containing between 15 and 100 ppm 
benzene was 85% or better. Typical data 
are presented in Table 2. The standard 
deviation of the method at the 15 ppm level 
is 1 and at the 100 ppm level is 5. The 
precision of the method for the determina- 
tion of the aromatics noted below is assumed 
to be the same as that for benzene. 

Hydrocarbon levels have been determined 
in the blood of animals dosed with benzene, 
toluene, xylenes, and kerosene. 


It is also possible to determine ethyl 
benzene, n-propyl benzene, n-butyl benzene, 
and secondary butyl benzene in blood taken 
within four to five hours after administra- 
tion of the hydrocarbon. The method cannot 
be applied to samples taken after this period 
of time because of the presence of metabolic 
products, which absorb in the ultraviolet 
region and interfere with the measurement 
of bands due to the aromatic hydrocarbon. 
The interfering materials have not been 


* The density of blood is 1.05 gm. per milliliter. 
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definitely identified, but based on ultraviolet 
absorption spectra they are probably 
aromatic carboxylic acids or other metabolic 
products. The interference can sometimes 
be reduced by extraction of the cyclohexane 
extract with dilute sodium hydroxide solu- 
tion. 

Attempts to determine the concentrations 
of tertiary butyl benzene and cumene 
(isopropyl benzene) in blood have been 
unsuccessful. In these cases, the ultraviolet 
absorption spectra of the cyclohexane ex- 
tracts exhibited strong bands which inter- 
fered with any attempt to determine these 
materials. 

When the method is applied to the deter- 
mination of kerosene in blood, it is 
important to calibrate with the sample of 
kerosene which has been administered to the 
animal. The composition of kerosene will 
vary depending upon its source, and these 
variations will affect the calibration curve. 
The method determines the aromatic frac- 
tion of kerosene rather than the total 
kerosene. 

The application of this method to toxi- 
cological problems will be discussed in a 
future publication in this series. 


Summary 


An ultraviolet spectrophotometric method 
has been described for the quantitative 
determination of benzene and alkylbenzenes 
in blood. The procedure involves hemolysis 
of the sample and subsequent extraction of 
the hydrocarbon with cyclohexane. The 
ultraviolet absorption spectrum of the cyclo- 
hexane solution is recorded, and the con- 
centration of aromatic is determined by 
reference to previously prepared calibration 
curves. The method has been applied to the 
determination of a number of alkylbenzenes 
and kerosene, used in a systematic study of 
the rates of absorption and elimination of 
these types of hydrocarbons from the blood 
stream of experimental animals. This work 
will be described in a future publication. 

Mrs. Dorothea Ahlstrom, of the Bureau of 
Biological Research, Rutgers University, gave tech- 
nical assistance with the animal work, and Mr. 
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Larry Williams 


analyses. 


conducted the hydrocarbon 


Products Research Division, Esso Research and 
Engineering Company. 
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Threshold Limit Values for 1959 


Adopted at the 21st Annual Meeting of the American Conference of 
Governmental Industrial Hygienists, Chicago, April 25-28, 1959 


Threshold limits should be used as guides in the control of health hazards 
and should not be regarded as fine lines between safe and dangerous concentra- 
tions. They represent conditions under which it is believed that nearly all workers 
may be repeatedly exposed, day after day, without adverse effect. The values 
listed refer to time weighted average concentrations for a normal work-day. The 
amount by which these figures may be exceeded for short periods without injury 
to health depends upon a number of factors such as the nature of the contaminant, 
whether very high concentrations even for short periods produce acute poisoning, 
whether the effects are cumulative, the frequency with which high concentrations 
occur, and the duration of such periods. All must be taken into consideration -in 
arriving at a decision as to whether a hazardous situation exists. Special con- 
sideration should be given to the application of these values in the evaluation 
of the health hazards which may be associated with exposure to combinations of 
two or more substances. 

Threshold limits are based on the best available information from industrial 
experience, from experimental studies, and, when possible, from a combination 
of the two. These values are based on various criteria of toxic effects or on 
marked discomfort; thus, they should not be used as a common denominator of 
toxicity, nor should they be considered as the sole criterion in proving or disprov- 
ing diagnosis of suspected occupational diseases. 

These limits are intended for use in the field of industrial hygiene and should 
be employed by persons trained in this field. They are not intended for use, or 
for modification for use, in the evaluation or control of community air pollution 
or air-pollution nuisances. 

These values are reviewed annually by the Committee on Threshold Limits 
for changes, revisions, or additions as further information becomes available. 
The Committee welcomes the suggestion of substances to be added to the list and 
also comments, references, or reports of experience with these materials. 


Received for publication May 1, 1959. 


RECOMMENDED VALUES 


Gases and Vapors 


Approx. Mg. Approx. Mg. 


SUBSTANCE PPM* per Cu. M.t SuBSTANCE PPM * per Cu. M.f 
Acetaldehyde ............ 200 360 Allyl propyl disulfide ... 2 12 
Acetic anhydride ......... 5 20 200 1,050 
Acetylene tetrabromide ... 1 14 (isoamyl alcohol) ..... 100 360 
Atty? 5 12 Benzene (benzol) ........ 25 80 
Allyl chioride ...........- 5 15 Benzyl chloride .......... 1 5 
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THRESHOLD LIMIT VALUES FOR 1959 


SUBSTANCE 


Dioxane (diethylene 


Butadiene (1,3-butadiene). 1,000 2,200 
Butanone (methyl 

ethyl ketone) .......... 250 740 
Butyl acetate 

(n-butyl acetate) ...... 200 950 
Butyl alcohol (n-butanol). 100 300 
15 
Butyl cellosolve 

(2-butoxyethanol) ..... 50 240 
Carbon dioxide .......... 5,000 9,000 
Carbon disulfide ......... 20 60 
Carbon monoxide ........ 100 110 
Carbon tetrachloride ..... 25 160 
Cellosolve 

(2-ethoxyethanol) ..... 200 740 
Cellosolve acetate 

(2-ethoxyethyl acetate). 100 540 
Chlorine trifluoride ...... 0.1 0.4 
Chlorobenzene 

(monochlorobenzene)  .. 75 350 

Chloroform 

(trichloromethane) .... 50 240 
1-Chloro-1-nitropropane .. 20 100 

Chloroprene (2-chloro-1,3- 

25 90 
Cresol (all isomers) 22 
400 1.400 
100 410 
Cyclohexanone ........... 100 401 
Cyclopropan® 400 690 
Diacetone alcohol 

(4-hydroxy-4-methyl- 

2-pentanone) .......... 50 240 
o-Dichlorobenzene ....... 50 300 
Dichlorodifluoromethane .. 1,000 4,950 
1,1-Dichloroethane ....... 100 400 
1,2-Dichloroethane 

(ethylene dichloride) .. 100 400 
1,2-Dichloroethylene ..... 200 790 
Dichloroethyl ether ...... 15 90) 
Dichloromonofluoromethane 1,000 4,200 
1,1-Dichloro-1-nitroethane . 10 60 
Dichlorotetrafluoroethane . 1,000 7,000 
Diethylamine ............ 25 75 
Difluorodibromomethane .. 100 860 
Diisobutyl] ketone ....... 50 290 
Dimethylaniline 

(N-dimethylaniline)  ... 5 25 
Dimethylsulfate ......... 1 5 


Approx. Mg. 


PPM* per Cu. M.t  Susstance 


acetate ... 400 
Ethyl acrylate ........... 25 
Ethyl alcohol (ethanol) .. 1,000 


25 
Ethylbenzene ............ 200 
Ethyl bromide ........... 200 
Ethyl chloride ........... 1,000 
Ethyl formate ........... 100 
Ethyl silicate ............ 100 
Ethylene chlorohydrin .... a 
Ethylenediamine ......... 10 
Ethylene dibromide 

(1,2-dibromoethane) .... 25 
Ethylene imine ........... 5 
Ethylene oxide ........... 50 
0.1 
Fluorotrichloromethane ... 1,000 
Formaldehyde ............ 5 
Heptane (n-heptane) ..... 500 
Hexane (n-hexane) ...... 500 
Hexanone (methyl butyl 


Hydrogen bromide ....... 5 
Hydrogen chloride ....... 5 
Hydrogen cyanide ........ 10 
3 
1 


Hydrogen fluoride 
Hydrogen peroxide, 90% .. 


Hydrogen selenide ........ 0.05 
Hydrogen sulfide ........ 20 
25 
Isopropylamine ........... 5 
Mesityl oxide ............ 25 
Methyl acetate ........... 200 
Methyl acetylene ......... 1,000 
Methyl acrylate .......... 10 


Methyl alcohol 
(methanol) ............ 200 
Methyl bromide 
Methyl cellosolve 
(2-methoxyethanol) .... 25 
Methyl cellosolve acetate 
(ethylene glycol monom- 


ethyl ether acetate) .... 25 
Methyl chloride .......... 100 
Methylal (dimethoxy- 

1,000 


Methyl chloroform 
(1,1,1-trichloroethane ) 500 
Methylcyclohexane 
Methylcyclohexanol ...... 100 
Methylcyclohexanone 
Methyl formate 


Approx. Mg. 
PPM * per Cu. 


120 
210 


3,100 


2,700 
2,000 
470 
460 
250 
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— 
1,400 
100 
1,900 
45 
870 
890 
2,600 
1,200 
300 
850 
16 
30 
190 
2 9 
90 
0.2 
5,600 
6 
20 
2,000 
2,000 
1,800 
410 
1.3 
17 
7 
11 
2 
14 
0.2 
30 : 
1 
140 
12 
100 
610 
1,650 
35 
260 
80 


SUBSTANCE 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


Approx. Mg. 


Methyl isobutyl carbinol 
(methyl amyl alcohol) .. 25 

a-Methyl styrene 100 

Methylene chloride 
(dichloromethane) 

Monomethy] aniline 

Naphtha (coal tar) 

Naphtha (petroleum) .... 

Nickel carbonyl 

Nitric acid 

p-Nitroaniline 

Nitrobenzene 

Nitroethane 

Nitrogen dioxide 

Nitroglycerin 

Nitromethane 

2-Nitropropane 

Nitrotoluene 

Octane 


Pentanone (methyl propyl 
ketone) 

Perchlorethylene 
(tetrachloroethylene) 


Phenylhydrazine 

Phosgene (carbonyl 
chloride) 

Phosphine 

Phosphorus trichloride .... 

Propyl acetate 

Propyl alcohol 
(isopropyl alcohol) 


PPM * per Cu. Mt 


100 


tN 


w 
1 


980 


SUBSTANCE 


Approx. Mg. 


Propyl ether (isopropyl 
ether) 

Propylene dichloride 
(1,2-dichloropropane) 

Propylene imine 

Propylene oxide 

Pyridine 

Quinone 

Stibine 


Styrene monomer 
(phenylethylene ) 
Sulfur dioxide 


Sulfur pentafluoride 

Tertiary butyl alcohol .... 

p-Tertiary butyltoluene ... 

1,1,2,2-Tetrachloroethane . . 

Tetrahydrofuran 

Tetranitromethane 

Toluene (toluol) 

o-Toluidine 

Tolylene-2,4-diisocyanate .. 

Trichloroethylene 

Triethylamine 

Trifluoromono- 
bromomethane 

Turpentine 

Vinyl chloride 
(chloroethylene) 

Vinyl toluene 

Xylene (xylol) 

Xylidine 


PPM * per Cu. M.t 


* Parts of vapor or gas per million parts ef air by 


volume. 


+ Approximate milligrams per cubic meter of air. 


t Change in value previously listed. 


Toxic Dusts, Fumes, and Mists 


SUBSTANCE 


Aldrin (1,2,3,4,10,10-hexachloro- 
1,4,4a,5,8,8a-hexahydro-1,4,5,8- 
dimethanonaphthalene) 

Ammate (ammonium sulfamate) 

Antimony 

ANTU (alpha-naphthyl-thiourea) 

Arsenic 

Barium (soluble compounds) 

Beryllium 

Cadmium oxide fume 

Calcium arsenate 

Chlordane (1,2,4,5,6,7,8,8-octachloro- 
3a,4,7,7a-tetrahydro-4,7- 
methanoindane) 


Mg. per 
Cu. M.§ 


SUBSTANCE 


Chlorinated diphenyl oxide 
Chlorodiphenyl (42% chlorine) 
Chlorodiphenyl (54% chlorine) 
Chromic acid and chromates 
(as CrOs) 
Crag herbicide (sodium 2-[2,4-dichloro- 
phenoxy] ethanol hydrogen sulfate) 
Cyanide (as CN) 
2,4-D(2,4-dichlorophenoxyacetic acid) 
DDT (2,2-bis[p-chloropheny] ]-1,1,1- 
trichloroethane) 
Dieldrin (1,2,3,4,10,10-hexachloro-6,7- 
epoxy-1,4,4a,5,6,7,8,8a-octahydro- 
1,4,5,8-dimethano-naphthalene ) 


Mg. per 
Cu. M.§ 
0.5 
1 
0.5 


Chlorinated camphene, 60% 
96/268 


Dinitrobenzene 


480 
350 
240 
0.4 
0.5 
Stoddard solvent ......... 500 2,900 

4" 13 
Sulfur hexafluoride ...... 1,000 6,000 
Sulfur monochloride ...... 1 6 
4 100 300 
* 180 10 60 
30 5 35 
2,350 200 590 
| 0.1 0.2 1 8 
Paradichlorobenzene ...... 75 450 200 730 
4 Pentane ................. 1,000 2,950 5 
0.1 0.7 
: 4 25 100 
200 1,350 
ee 
5 22 100 360 

500 3 
4 100 480 
a 0.5 3 5 25 3 
200 840 
4 
0.3 
2y/m* 10 : 
= 

0.25 


SUBSTANCE 


Dinitrotoluene 
EPN (O-ethyl O-p-nitrophenyl 
thionobenzenephosphonate ) 
Ferbam (ferric dimethyl 
dithiocarbamate 


Iron oxide fume 
Lead 


Lindane (hexachlorocyclohexane, 

Magnesium oxide fume ............ 

Malathion (O,O-dimethyl dithiophos- 
phate of diethyl mercaptosuccinate ) 


Mercury (organic compounds) ...... 
Methoxychlor (2,2-di-p-methoxy- 

phenyl-1,1,1,1-trichloroethane) ..... 
Molybdenum 

(soluble compounds) ............. 

(insoluble compounds) ........... 
Nicotine 


Parathion (O,O-diethyl-O-p-nitro- 
phenyl thiophosphate ) 
Pentachloronaphthalene 
Phosphorus (yellow) ............... 
Phosphorus pentachloride 
Phosphorus pentasulfide 
Picric acid 
Pyrethrum 


SUBSTANCE 


Aluminum oxide 
Dust (nuisance, no free silica) 
Mica (below 5% free silica) 
Portland cement 
Talc 


SUBSTANCE 
Allyl glycidyl ether 


10 
Boron trifluoride ......... 1 
n-Butyl glycidyl ether 


(BGE) 


THRESHOLD LIMIT VALUES FOR 1959 


Mg. per 


Cu. M.§ 


1.5 
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TENTATIVE VALUES 


Approx. Mg. 
PPM] per Cu. 


Mineral 


Mg. per 
SUBSTANCE Cu. M.§ 
Sodium fluoroacetate (1080) ...... 0.1 
Sodium hydroxide ................. 2 
TEDP (tetraethyl dithionopyro- 

TEPP (tetraethyl pyrophosphate) 0.05 
Tetryl (2,4,6-trinitrophenylmethyl- 

Thallium (soluble compounds) ..... 0.1 
Thiram (tetramethyl thiuram 

Trichloronaphthalene ............... 5 
Uranium 

(soluble compounds) ............. 0.05 

(insoluble compounds) ........... 0.25 
Vanadium 

OCU 0.1 
Warfarin (3-[a-acetonylbenzyl |-4- 

0.5 
Zirconium compounds (as Zr) ...... 5 
Radioactivity: For permissible concentrations of radio- 


isotopes in air, see “Maximum Permissible Amounts of 
Radioisotopes in the Human Body and Maximum Permis- 
sible Concentrations in Air and Water,’ Handbook 52, 
U. S. Department of Commerce, National Bureau of 
Standards, March, 1953. In_ addition, see “Permissible 
Dose from External Sources of Ionizing Radiation,” Hand- 
book 59, U. S. Department of Commerce, National Bureau 
of Standards, Sept. 24, 1954. 

S. Department of Commerce Handbook 52 has been 
superseded by Handbook 69, “Maximum Permissible Body 
Burdens and Maximum Permissible Concentrations of 
Radionuclides in Air and in Water for Occupational Ex- 
posure,” subsequent to the presentation of this report. 

Handbook 59, U. S. Department of Commerce, has been 
revised by addition of addendum, April 15, 1958. 

§ Milligrams of dust, fume, or mist per cubic meter of 
air. 


Dusts 


SUBSTANCE MPPCF || 
Silica 
high (above 50% free SiOz) ...... 
medium (5 to 50% free SiOz) ..... 20 
low (below 5% free SiOz) ........ 50 


Soapstone (below 5% free SiOz) ... 20 
Millions of particles per cubic foot of air. 


Approx. Mg. 


SUBSTANCE PPM] per Cu. M.¥ 


Butyl mercaptan ......... 10 35 
Chlorine dioxide ......... 0.1 0.3 
Chloroacetaldehyde ....... 1 3 
Chlorobromomethane 
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0.2 
0.5 
Ferrovanadium dust ................ 
0.5 
15 
15 
6 
0.1 
0.01 
15 
15 
A 
4 
: 
Selenium compounds (as Se) ....... 
50 
5 
50 
20 
50 
45 
3 


SUBSTANCE 


Diglycidyl ether (DGE) .. 


Dimethyl formamide 


1,1-Dimethyl hydrazine ... 


Dipropylene-glycolmethyl- 


Ethyl mercaptan 

Furfuryl alcohol 

Glycidol 

sec-Hexyl acetate 

Isopropyl glycidyl ether 
(IGE) 

Lithium hydride 


Methyl mercaptan 


WILLIAM L. BALL 
W. CLARK Cooper 
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Approx. Mg. Perchloromethyl mercaptan 0.1 0.8 
PPM] per Cu. M.# Phenyl glycidyl ether 

(PGE) 50 
Phosphoric acid 
n-Propyl nitrate 
1,2,3-Trichloropropane .... 
Triorthocresyl phosphate . 
Yttrium & inorganic 

compounds 
Teflon decomposition 

products 
Pentaborane (BsHo) 


{ Parts of vapor or gas per million parts of air by 
volume. 


# Approximate milligrams per cubic meter of air. 


* Until more data are forthcoming, it is important that 
atmospheric concentrations of these materials to which 
workers are exposed must be kept as near 0 as possible. 


H. E. StoKINGER Hervey B. ELKINS W. H. REINHART 
KeitH H. Jacopson ALLAN L. CoLEMAN, Chairman 
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A REMINDER FROM MERCK SHARP & DOHME: 


INFLUENZA 
VIRUS VACCINE 


Ordering your requirements now will assure you of sufficient 
vaccine when it 1s needed to protect your personnel and patients. 


No 
Postage Postage Stamp 
Will be Paid 
by If Mailed in the 
Addressee United States 


BUSINESS REPLY CARD 
FIRST CLASS PERMIT No. 2868, Sec. $4.9, P.L.&R. PHILADELPHIA, PA. 


MERCK SHARP & DOHME 
Vaccine Department 

640 North Broad Street 
Philadelphia 1, Penna. 


FOR YOUR CONVENIENCE, TEAR OUT 
AND COMPLETE THIS ORDER CARD 


| 
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To make certain that you have an adequate supply of 
Influenza Virus Vaccine Polyvalent when the need arises, 
you should order vaccine now. Order for immediate 
delivery or, if you prefer, at whatever future date 

you specify. 


Vaccination against influenza is inexpensive—and is the 
most effective way of minimizing the risk of contracting 
this highly contagious disease which causes so much 
debilitation and absenteeism. 


By anticipating your needs and ordering now, you can be 
certain that you will have enough vaccine for your 
personnel and patients. 


Influenza Virus Vaccine Polyvalent 


Contains the National Institutes of 
Health approved polyvalent strains 
Types A and B, including Asian Strain. 
Dosage: 

Detailed dosage information may be 
found in the package circular 

contained in each carton. 


For complete information, write Professtonal Services, Merck Sharp & Dohme, West Point, Pa. 


MERCK SHARP & DOHME, DIVISION OF MERCK & CO., INc., PHILADELPHIA 1, PA. 


MERCK SHARP & DOHME 
VACCINE DEPARTMENT 

640 NORTH BROAD STREET 
PHILADELPHIA 1, PENNA. 


Please ship the following to arrive on 


(specify delivery date) 


10 cc. vials Influenza Virus Vaccine Polyvalent 


Bill to: 


(Street address) (Street address) 


(City and State) (City and State) 


Purchase order number 
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A moderate 
low-fat 
well-balanced 
breakfast for 


a woman of 25 years 


| 


The basic cereal and milk breakfast as shown below is because its fat content of 10.9 gm. provides 20 per cent 
well balanced because it provides “*Women, 25 Years” of the total calories. The lowa Breakfast Studies proved 
with approximately one-fourth of the recommended for young women that a basic cereal and milk breakfast 
dietary allowances! of complete protein, important B maintained mental and physical efficiency during the 
vitamins, essential minerals; and provides quick and late morning hours and that it was superior in doing so 


lasting energy. This breakfast is moderately low in fat 


when compared either toa larger or smaller morning meal. 


recommended dietary allowances* and the nutritional contribution of a moderate low-fat breakfast 


Menu: Orange Juice—4 oz.; 
Cereal, dry weight—1 oz.; 
Whole Milk—4 oz.; Sugar—I teaspoon; 
Toast (white, enriched)—2 slices ; 
Butter—S5 gm. (about teaspoon); 
Nonfat Milk—8 oz. 


Vitamin Ascorbic 
Nutrients Calories Protein Calcium Iron A Acid 


Thiamine Riboflavin 


Totals supplied by 
Basic Breakfast** 503 20.9 gm. 0.532 gm. 2.7 mg. 588 1.U. 0.46 mg. 0.80 mg. 7.36mg. 65.5 mg. 


Recommended Dietary! 
Allowances— Women, 25 


Years (58 kg.—128 Ib.) 2300 58 gm. 0.8 gm. 12mg. S50001U. 1.2 mg. 1.5 mg. 17mg. 70mg. 
Percentage Contributed 
by Basic Breakfast 21.9% 36.0% 66.5% 225% 11.8% 38.3% 53.3% 43.3% 93.6% 


Revtsed 1958 Food end 
Research Council, Was 
Corea! Insti lac.: Breakfast Source B Chicazo States under 
Cereal Institute, Inc., 1959 Cater wane 
Watt, B. K., and Merrtil, A. Composztzor 
Foods—Raw, Processed, Prepared. U.S.D.A 
Agr-culture Hendbook No. 8. 1950. 


CEREAL INSTITUTE, INC. 
135 South La Salle Street, Chicago 3 
A research and educational endeavor devoted to the betterment of national nutrition 


i 
ntended to cover tndtvtdua 
rma person they rm tl 
netronmen *resse 
ndretduais usually engaged 
For office workers or 
ms they ave excessive 
de for vartations in body stze, 
A nd environmental temperature 


“Deformity in rheumatoid arthritis 
develops in two stages. [The most 
obvious 1s joint destruction. 

But even earlier... 


muscle spasm...has insidiously 


started to lead to deformity.’ 


in rheumatoid arthritis... 


PARAFON 


with PREDNISOLONE 


provides spasmolytic, 
anti-inflammatory, and 


analgesic action 


dosage: One to two tablets three or four times a day. 
supplied: Tablets, scored, buff colored, bottles 
of 36. Each tablet contains PARAFLEX® Chlorzoxazonet 
125 mg.; TyLENoL® Acetaminophen 300 mg.; and 
Prednisolone 1.0 mg. 
precautions: The precautions and contraindications 
that apply to all steroids should be kept in mind 
when prescribing PARAFON WITH PREDNISOLONE. 


1. Swanson, J. N.: Canad. M. A, J. 79:638 (Oct. 15) 1958. 


McNeit INC PHILADELPHIA 32, PA. 


*Trade-mark Patent Pending 265459 
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